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Abstract 

(lOtio .\p)t^sMOii j'iotilin<> pu>\ uks ,3 quumntp tMiioKi ulit hnn^Aoj! loj fin. Uiti-. othtninti 
n\ mdltiplDiinkuihih tfni > iniK.ilh jHin.! ciisL i^^.s Ditius. H l^U lanpiunn t (1M H(. i t 

Tltcsv T>1 hi. I -obaoiips If i-i- Unm diitaan -t.ig^s ot nnnti.il B lvO Jifti^n-nttotH-n titilrt (ii>tiiKt 

tlKii M)n !^ < ! hut ^.if B J>1 Bi. ? J'le- not ..knuin-tkUuiji th.n- thfs p.itin', u ^ i pufcoti.il thct ijuuta 
t tt/ottoi uUitnDi Ht. 1 ^uh.ij.Hips InDi H( 1 m.mtK iMnpiiciiii and foHktii.n hmphcma 

iivHi" t\p)CssH»l pKitHmj- h r >l)-0 b^ti) 1)slJ ft' I )v ik gctk C\j»vssl.Kl-b l-cd liK'JcK ot -m\]\ il 

nhii li {i fiLntiiiLij diL" bi.'lojk il Lh ikiLtLiKfii s of tik ttiinois di if iiitluLnL>" tliDi (.htiiL s{ 
HclkiU'ir lu(ju»it!ei.cO kniphoun fitckosjfh'if iltoikiv lij^iifynosf- (-ptt(n<nK lofluctkcd 
b^ tik liijiiin pti>!ikf tlioii i ifL ^^hkii L ill Hl (.[il intitafa l1\ irkci-Ufni b\ ! piohki iti^iii gLik 
L> pit. ssu>n staii.rttMv Ba>ix! on t?)(> .ktuf ik mc isinc fitt. piohfckitfon citi^ <. m now l-t ^ kWcJ i- 
tti tnto •i.iii.iti (if \ua) oiii ('^'^i)u U -vioii^ that ouh tiu (^mn^ pto^>n.ssit>ti nom ^ (Ho S phi^i. of tik 
|^!^(.^^.k InDIBf I md toilitui.u hmphotna i^vtn" txpjcssjon jiiofibnu h i- it.\t.ikJ th.it thv 
nioin.(i{iH ( ti il kti tisti^i i>i !kiR 113 tiisiiiaiit tiiiiki) iklilti i!tfi_; if3tf3ti)tii ^LlUtn^L iiiiijof iRllikSitL 
on fbt. k^ficth ot -m- i- al ] he t nplk.ifiotis ot tlk^-e fiMj^hrs tui fbc dkiLMkt'^i^ and tiCcit(3icuf ot uofi- 
HiiHii'linn IviTipiiotiiJis cifc dt.scti.s.scci. 

JNTRODUCTION 

Ibc sttkh <if bi!(3uiu >{(-t. i-c- pic-t.fif^ mn')n^ < lulkfis^e to the CxpcKjnctit^i} bfoio..;i^t 
'i iiii{i1fO[i li jiiinks ot I i^ikvii i! likjiiii ^ <)f1(.!} [tqifiii tik m itupki itkiii oi i biolosJi^ i! stLiii 
^\kkii m i\ b^ (iitfkiilt ot (3t3i'Osstb{c to <kiik\L hen -fuJviiu <i iuiniin J(>i" rt. HiciLtoic 
ii3i!ki! ik^i -iit into iiumiu ili-».\i^t^-> ai^ oltni ohv^i^ attonai tn nalifi. ai3(.i tht li pth ot tik 
in-^isjiif-Kiiv- »t) tht. ji!t.uM»t) aikl bic.kiti} uf tiK oU< nation, i tooi^ it lunA 

\ tiadtft'iti li itki Mk( ^---Ui] ai)p)Oa< h to the ^tuUv ot hutikii) t. ifk.ct iVjiftJs w ttii tb., 
ukntitkatioii t^t ^ki3i.^ tiiat aio mutakti and oi n3i^i xpiowt J in one oi n3('i. t.ani.i ) p.i hiu !i 
T!k>i" piit^ntf li onco^Oks mdtiinkii ^iippK-ot gvtks iit. th^n a>>i"sscd toi tiimi <il'iht\ tn 
m-jtofii mofiih a H Jti->toni3i.d phi.'i3('t\p. lu cultouk! '.■.■ils. oi (tikiko H\ ;i-ovMnij,->iiohgono<; 
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imle .si.mlmg taiiccT b)o)o!.'> tH. t . tiai .it a Wciubog. Jinc oj 

An ottho^ojui! .ippu-jdi to buni.ni c.ifKt'! hd- been piovidod 1)\ mo K\ tut-tht'tinki^K, i! 

i)i!(.tt.Mn.n- to m^jsufL the j(,ti^ !t\ ofthc ^t-iuiitic \ uicnonitw ttk nic i-tncmi;nt ot mRN \ 

cancn pheouf^pc ti^it .la >{(t>ku}t to (.VKCi^ c b> '^tu>{\ ma nkb^ khki} onctiL'ctK- <^)ul moi'it 
Mfpp) ^ikiK^. { vi^u )ii»ii^' pcnsints)! )[l>)g)n^ bi. Joii\>'J '\iKn gOMO i. ^|l^',,^ou piotik - 
<nc ol't,U!K(i ttiini ,1 !,uj;c tiumhcf of cjntC) sptxi)iion> tot wliiLh tlii)i(,,i! dita ,uc <«! ihk 
riijiKa! ilala^iKi) iMOvpoti^i. totK itmont nui lonoth nujx i\ aK.ii) !>oiis„ i{ toto)N^ hu)lo,;)t.;i) 
in^ii>bt- uut<ifthciaig^<.lat>iMH. tlkirDNA u»Ciorin.i>-i,'c(Kuitc Hk bciutv tit L;<^uc<^\ptc-ioti 

pioflllim d.tt 1 UthAl f1 H[!WRtit.iti\L- Jfni iliiihlv K ptiXilfLlbL i-i.^^lUsnii ^th^^^. J.lMLlti 

he ru Lii^ucuite uuilt[\>nintc jtat!st[i,,i} tnoJ<1j (ifthe i.bfi!c>il bcbriMO) ot (\ukc! flut h.i\c 
gtcEU pc(;!;lictrve powtf. 

[jomtiiivtKw iHi^ptxtco hti)[i.un.;i)uo) i>. toimd to !x ui.uKmitK.iiK tiaotahio \ imohn 
!n<ilog)Ccii plKtuir\jUs of a tmKH, ^ut.h a- ir>!<ibtctatKii) larc, tiv ,^i,t!Mn <if -un ix^il 
p.ttiiA.ivs atiii iliLMiittift ot [iiifi Hi ili'jin.isit Uiirn'i isiilhutnig ctiK fHH\ Iv KLUf.tt>4\ 
inca-ittcd bocatiNC thov lio r^tlcacd lu tho goHo cXpiC'^-!<.|^) pU'ftk f ndt bui!oii:!i.a? phcnot\pc 
(.an Sx' avvooKil^d A(th tlK o\pn.NN(oti ot ) i JuiKioton^tK ,of oi gotiov 1 ticAti a, ,;ono 
csj»cssio£i sijjti itutt itid tho t'\p)CsMon (if tjicst -unatUK' j;cnt.s sefvc a> i tji) mtitatnt 
nicisuicotltk' pliciiot\(i>MSti.ifta il 2W]) 1\k k si-tti ni MiiMv.if of ciiiLVi p itRfits .riJ 
thci! (C'^poujcrufhf^K^pv ^d'i bctt.iccJ fobfolOsJic^il dittnnuv- mtlKu moiot^fbat^iiCiCtlvXf^u 
f{!iLi!}tita1f\i.'l\ tfi L^plo^^toti Mi^tiatinos Oltcii, si.'\LiLi! a.inio L^(1^c^^toti Mi^ii.itdios 
i)Lt.dt.J to ,Kjcql^atcl^ nioji.! the (.imiplcv chjucal bth.^joi ot l UKtt Hws K-xtaimg <.m>.ci i- 
iho into'.'umoii ('} mithqifo .ibtinitnal hoio'.-iui! i)u\ha hmjiv B-. u)inb)ti)ti" ^r. o ^pu'^^tcn 
piofihfw w (th tiaJftioti i{ iti ih su- of otRoui;!K,- .itid imiM :rUppt<,^^ o) >, (t h..tt-nu^ clcaj that 
tilt nmhfpio oiiLiij^tfitL jbiiotJiLihtRs m j ^nigio tuniot .tcl ^vtiotgi .fio.tih mk\ tjtiLisititafa l1\ 
ro>iltn dtM-!<"tcn!(n<irpbctuir\jUj n)(--)Vtb^tnart(\il\fc^\ ot fhc(\uKc! pio^.es'^\^ Oi uStitnar^h 
Ji^fiigi. oiii appfon-li toi MiiX'f thuapv paitKS)li)l\ -is i"i nK that t<n"J Ji'-nof, biolo\:io.ti 
pathways become available 

Th(s tc\)e\^ \^ ill pio^ k!<" e^a(np{<"s fiotu '^tu>{(c^ of Kinir>hofd niahi3ti.ifit.fcs tl^if ilh^tiafc the 
abih1^ ol viCiiL' o\p[tssiini piotlliiig to iHdimsi.tli" taRLCi bfoio<i\ Ihctn -1 sLLlfO[i liLRiOfisti.tks 
how g^tic c\p)c^^t<iti piotibfic (-rin tc\v\il tbaf ^.utDcnr Ofaemi^rfc cafcL'oi tc^ cOfnpiiv\! ot 

ii.oii )nok'Uti «K aikkhti)!. lifaiiHt disoav^'s Tlio ^ooond N^ofioti domon^!) it. , ho\\ 
niatbttnattt il ninJcl-nfsufvn il nu iticct can be ct tattti b) gctic c\pK'->)on pinfijuu, thocb) 
i^M'abiiii biolotiR.il .utifhtif^, ni tittnoi - th.ti fnfl(n.tK^ fhofi i-hnR.il bt-hnio) 

MOLECULAR DIAGNOSIS OF LYMPHOID MALIGNANCiES 

ftSolecularly and cimicaiiy distinct diseases withm diffuse iarge B ceii iymphoma 

l))ffii^t' hiigc B .cO !) tnphntna (TM PC I ) is tiic In-^-t Jfa-nn-tt. cattgoix anion- the non- 
Hoti'J in i\fnpho[n.is,,i.LMinMin^ tot ion^hl\ 4t)pLf(.CRt oi .ilfc isls WuhfRtiiLl nikd M^iRs 
rhi^ fianskitc^ (1*1 unite thati 2\mi) nc\\ ca.c^ oi J)l ] jMgn<i^ed caUi \v\it \ftihf-.ii,'u)t 
chLniotiiLiap. ^.iii lUiic .tppio\nti.tti4\ 40*^. of thtsL p.itiotMs atiiiihis itpti'sLnts iint ot the 
slit, (.t'>>os of niotkin Lani.0) thct.ijn i 'ntojtunatLls l)i I -tj]j acLotmfs fof aj'pfoxjmatLh 
l()tKttuj(.,nh,p.i \..';ii lulhol )i!t..{Stato-> \\ h\ -om^' patent ^^Mth Dl Bri < inK on..>ianJ 
otheij not h.is been a 5onj;standum m>i ftti-ttatiHL' pti?, Ic 

Ihc fft^t rhK to thf- i)U77k ca«K w hen i^etic c\p)csstofi ixoftSnig stuJjc^ tc\ ^akOthat Dl Bd 
1^ ooinpti^Oil oi al ioa^t t^M) nu)U\iikiih ntd i JtniiMih (.hstiuot iii->oa>-o-> i All. kioh ai 
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R^^^u^\ .tM ct ){ ?m: W inihi .t! . :()tn ^ f Hic stihi!tni)p nj Dl FK 1 fanned gemiiaa). 
(.CHt(.T lKc!!-liL(.' (dC R ( ULRCL cvpicss^s genes thai jie halinuiK of nurmal ^ci mi nafc eater 
BcJlbiriL' l\) contijM .notliLi f)l R( I siibgiotip. ttioteJ ..ctiN.ited H .dl-likc (ABC) 
Dl lU I LkKs c\oiess(oti ut gcimiii.i? octir^r B t,e)l-rc>fitt,lvd jictn-s .md tnstiMd expresses 

L'tfKs lil.lt .1)0 mdULOd diHUli, lTI)t.>jiOtiK illlTIllLitKH) (it i>k«xl U loSIs Thc^o t\\(l sdl Lnoi)p^ ol 

^ ULhC L ditWi m she expu ton c,{ thinis.itKi, oi yieties jud sn dus respeu t!K> .lu Uineieuf 

.iNiKUti ui\>")(Uir)ioti, {ruketim ;m(i .u u!o Knii^lioSiLi-^tfc ictiK^-nii.t Nfote u> etitK ,i thuJ 

^ -ifhiiiinip o! iU R<'i b.i^ been defined b\ ^t^ne exniession piiijiimg. tenned pntii.ii\ 

^ ')lLd^.lstni,diKeill^')lp{ln(3tf.^\^Blt.Ro^o^^^<.kK^J S^s .igo l1 <.! 2mr>> Hks. 

^ thf^e Dl Bd -ubgtuupi siinuKi ectisid^t^d -ep.n.if^ (.Sncci-e ^ntitti-s -uiec die\ iits^ from 

^ B ceMs at iiffiVk-nt ^t;^•^ , of ddiVu-Dti itKut utdfc (i)iTototii oticiu'.-iif. p,it!nv,is ^ <,)id ii i\ o 

^ disttnd: clmteai beftiiVKirs. 

3, 

^ DLBCL subgroups and the regulatory bioiogy of B ceH differentiation 

lns.!d)t (tifotiK (10)111)1 ^.Jitikii >.(.nttinip,itt>- nj Dl B*. i sll^^rt(.ntp•> li)v he.n pioxid^d h\ 
<^u .ificdv^t'^ tit iei3ukiryi% fneroi^ that i.oiit!<i{ tbi, difteteotintioii <if gennfiKil eciitet B eeiis to 
[iLuiiLicefK 0 )4 i> B<1 -h w .t n iti -inipffOfui )epie^^'n th.t! iLLjiiiud fiH ntEiltiie B cells to 
ditloe) incite xno j;etinftKd eeiitet B ^.eli^ diDifie ,m )nauit)ic a-ptm^e (Ift^nt et n\ . ['**^''','i'e et 
,ii IM^nt \onn.t! ■vjnmwi eetii.. H . Ji- expiew BC 1 -t^.ithidi k\ but ■f-.expievM.-.ii 
Z isMieDted dm 1)1^ pl.ism it) tit diffeienf).itH»i ( AHtnan eta) l"')o rattofutti ct .il , 

X t''")^ thD/siLi .1 al PH)^,' Dl IK 3 •^ beknit'inu to die r,( H s(it>gioi)p ^ /;( V fjinRX \ 

13 .If Mgtntle.ififh iughet kn e!- i-h<^)i Dl Bd s bekitij^Liug tti the ^BO ^tibgtrytip t ■\}t?adeh i,t \\\ . 

200t),R<)sum.dd Li Eli ,200^,\\)i-!itU,ii :0t)^) 'Ml is dutgiflited h\ LiiHin!>>so3r3.ti 
^ thin>Kie if)on- )£! tntmhh 2t)"« ntl>LB(l s (P.i-t]ii.dtieL) et a! :{)t)^\ l»)t tbt hijjh c>pie>>nin 

^ ofyr; r> m oro DI H( ? . ^ not )uo(iukd m in tiusetumskx iti.ms H.tihei.AW is 

^ c>pie>>ed in CK B l)i B( Ls jKmg witit a bo-t of ofKei ijeituin.d eentci H cell lestfuted-Jieiies 

^ heeaiisL IbesL Dl 1,{ 3 , aie denied tioiii [wnna! ^etjiitfui tLRtet B eeds ,md leuiR nmch o| 

^ rhef! bioloj.LV !nl ecjimg^Mt?) t?)(-iiotHi(i. f K HiJlBflAh<^u"tit)i.;<nii^stim.ttieh\petun!f;it!Oii 

^ of then immmiogtobuiui "eue-, a (.{lU.Kkiisiu tealuu dI iKJim.i) jieuniREii uniiu \\ ^e)i- 

o fLossos et al.. 2Uf)d). 

To ehn.td.it5, the uieebatin.tus h> v hak Bt ! ti lejiulates jieimiiud eentei B es,!! ditYeietitiation. 
j^LfR exptessfOfi piotliuiiL ',\a^ ti-ed to idLRtilv die Mfj;ef genes >,l H( i [tfucssuui tShaiki 
et .il ,:00(t) 1)\A tmeioaiuivswca ibedro fdi,m(f\ geOi,^ rhat v eie diWfiiej.LuLtfed v.heii 
Btd -ti \\a-> intio<hn.ed nilo u-Jis ^aekll^^r eiuk^^.noiis Of ). <> e\piesN(.iti ,ti)d tiut weie 
iipieuinLiteti when i dominant nejj.itnt fomi of BC 1 w.i- mttodneed into eclk that lune 
endog. nou^ H( 3 o . \piessioii [ he 3« 3 o t Hwf o.'iK'j, ideuidleii iti thi . fistuon eie inn id 
Z; til K evpassed .tt miieh Uiv, ei V\ tn gi,nntikil eeufi,t: B eel^ tbati tn le'^nds; oi aeti witeU 

X Hood Bi.el{s, 11) kLpfRgv^tdilhegLnninaKenlu H tL31-Kst)iued txpiessjoR o| Bt i -t> 

13 ( Shatlc) i,t ;d 2tK)nt One gioi p ot 3 -<> t n y.et g<.ni,- aie genes fh.it aic muueed whcvt B 

I ells .t,. Kti^ated!hiO)io{ifheanti,;euieeeptoi,!n(.lud!ni>M<,if/\' f';)(i'J (YW eaui \UP " 
(/ B^ bloLl-nig i.\pte.-.-ion ot^B ttll aeti\ation uenes H(. 1 -f> m a guide an intuen-stimiil.ittd 
B (-eil lowEiids gtntiiDa! .enter dif fetetili.ili>>n ;ind aAa\ h>n)i the altemEile tale >>r rapid 
plas)n.ie>t!e difWientKiffon tS!i.dfet: er a3 , ZnOOt \tiofhet nnpouant 1 -'i fat:i.;et gene is 
pl~Kip \^hfeh eiHXiiiLs ,1 nega!i\t iegii3aloi oi .eli t^^i. ie piogiessuni H\ iLpusstng 
;'2~hi>i Bt I -f^fna^ tonttdxite tofhe e\t) loidtn ia]\ high j->tohfeiattnn i.ite ot^ueiniiiMl center 
B celh. 

One p.tftlUlk^l!^ likiitDnatnig Bt. I dtu \\ gun. is />'/.?,'> ' tShiOti eta! ''(tiU)} N'hn.h 
eni.odes a ttansi^uptionvd i^piessoi that k iCi.]iii!vd loi piasina Cvl! ddivi^iUiatioii (Shapiro- 
skclet et al 200 n BC I -f- i>nids k. i tuotifti) i)it)on ? ot the {Ui,Hp 1 gene that is consm^ed 



hanvtith. htDn tti anJ tiKntsi j ^iit % tltiiu.ipifit ){ ""UW^ StiKi BOl 6 )s houtki to thf-^ 
stk !n\{\o a».jti4g(.db\ thimnviUnimmimoprtttpttitmn Simp appt-itstobi. adiR^-StJigtS 
H( I (i (tpKssyni rV'iTini ntUKg !t!\L inli)b)tK>)i >i Fit i <'> lo a Bml nt Kuipiu'iTi i ^ciHrnL 

iiud this v^.is K>il(K' b\ ]hi]txil jiLiMti.i^vtu. li(tiLiLi)t) itK>n tmiinpit in itun H n-O tnuiktis 
AvK in.ix!Hh!l. phsina . dl miiKisMKlKi- C DiS a.i-. tudm .d (Shjfkr - 1 j! ^nOitt In 
iddttiiii) ( ; 1, ttki.i host oUiiliot (.iiolitc) )tton<.%MitKikdgotics ^>^k iU)n.dottt,Si)iiict a 
J 2000), whKh t>i.O)i-istLiU with she i.n.tthjt i, \ i, i diu^ t t.ir^a id Bhtnjj ) i^im ssfon 

Hk^c K^Milt^ led U> the In potliCM^ th it unc iok Un B( I -<i m uotu) a .ci nnsai t.u)tci B .cO^ 
ifid ifition Ihidgkifi hmph'nn is kihloLk di»LiLRti imiti tfito pf^i-rai l. OsiSii.Uki if 
2it00t luKcpdiji v,,ththisn<itKii) nicc ui nhKh fhs /<* / fi ^jnuM- dMUjif^d ^cucnte pl< mji i 
I >.lls)[H'U i^^idiK )tiu po)i tMo,3iiiH'^i)u iimid,3tt('n( l'in"'<3p!ina,3i ?(Kt4) hmon [{od •! tn 
hmpltonir ^Mt)}^( / i,tti£!sjocitH»i- the j»otnott.) n{..'t / nj- -til)-tttutcJ with fitt jitoniofv) 
fioHidu ti nisi.x tfion )it(Kt <;t.ti>. ^^huhui)'. pK\.ntthi plixsjidc^ift li <i'HMiK ^iul^mou 
Bi. I i) itiJ^N A ^Xjife^KH) thif vKvurs dmti)^p}.iMUK^Tt( dittf^inin ifiiiti Uu'^ Ucicjui ifi'itud 
!U I nn\ i..m!ni ut. ti> nnli j;n isitff ifisfof-m tlioii h\ kt^pfnsi ij ^itpiL^^td liiDLhv 
p!t.\e!)tuu pUsm n.^ U<. difiaa-iU inoii .utd tho ittnid mt cell i ^^ !e .im st 

v\i'fc--iiii) puddtfu iuis iKii In vt! to tUif )d,ifi" fitt. mci.hai)i>)ii> h^ v b)i.h Pbnip-l 
ptMiiuitL.pi l^^li^.^^f^ dtf f> [t [ifntinn ( stu ftLi > t li 2(t(): Sii lit. i tt ti :()04) 1 < topK 
c^piC--!On ot Blnnp-l to H< clK^d^tKC'^i-hi^cxiKe^iyi) ot \ mnd]l\ d! luatuic B t.ili-iC'^nn.f^d 
J;^.^lL.^^lwtiLi i! [Jhntp [ lXlHs iK po\^Lii(i{ . ftL> t h\ dti^cfh iLpitssmi; iitik s 

< ULodtfu ki s B f vll t)o)iM ,)pttnn t.Kfofs uiclodu)- P.i\^ Sjif-H .nd (. HI \ titoi I \ 
mdiKi ti\ bUKk)ti 'iK I NpiosMoiioMlio '1. )u t)utth^\ tuujs uKx.ik d iiuta) ^OtP p!->km)i.h 

^,>tK <if the ^cuc- ^d^tked in Bhtup-l Uiui^tK ui itkitKXtl^ t- H<. I -t> tSh ittct: er a} „nit2t 
HiiJiip ) tiki IM I h1tKK(»i. .Kak id»tiHk n.i.'alu<. Hj^ukik-iv ioop (Sh dk( .Kil ."'(K)"') 
I foniHd fcaiil itu»iti)-tdvSLi(ht(i h\ \fonod it)d I icol) tniii idvs aj-o ( Mound ,u)d ).k.ol) 
1 U>i) \ii nnpottan! h )tiin. otthi->)t^ 'dI ifO)\ dosnni (Mlsphstktt^ han^^ tn th^ i xpiosMoii 
<it:cktn)t\ ut etthcnqMC^Mir cs^oft uisjent)^ losntfSi^thc -\stc nkiv .ndsotKyf tv ot.cyt!kii 
^!it. s }n <i> [iriui ti (.LRtit n stioiiii siintdfalfHii \ iinti^Lfi d^fousiii Itk i)iiir3ifikv!i>btiiin 
Kxcptti! Ot K < t,t! witcd ] ^clU thum^h U iti dtiv tiKVuh tc^ BC I 6 itiRN A kk! ui pturciu 
i.\p.. Kin ( \lhniti .! al 1 1M<> \iu \ t. ntd 1 >a!ki 1 .i\ . t.i ) '>*KMsh!i h ^so(lid Op th. 
Kj-tiiaton b.d.Mu v m ia^ o) ot Blitnp-E ind pia-)ii.k.\tic dttf^tctitt itk>n 

stiojy iippoM ioi ti))s doubii ii> y:Jtr l nu'dtl has h> (.iith u pto^ Hkd h\ tb^ < n. i\s( nt 
\{J\^ ) "uinii)t!u)ikn FUJI tt.stnucd sifhuititoi th. Mt \i)RT) ou ptt-sso) t.O)ni'k . 
trttjitiaai 2mM \U Ki luhci- di. \b 2 \«RDu)iHj.l(.\ to bC 1 c> bv httkhtu' 1m Jn., nSi J 
iLL'i >ti ot B{ 1 f> til It IS uqtiittd hi( Itili t(ai}st.(ii>t)o)ial upKssi ni jlIi H\ i V!l<ii,h if 
t^Ot- 1 h mui^ta! ^.,\ i(-ft.,l.M l>->o<>) [b., \t) 2 \iiRDLonipic\ hashtstiifk di\ti,cts) 

uti.it\ sviikh FU 1 (Ui'stn )c itc t jci'U s^nc I It! oni )tt)i %tf\f ttijc ft its t tfi'Ct mu , 
ktKK kdoHn oi \! T K 1 b^ [<\ \ tim^rt ^ ui (. m ^Litiukal i (.fiti.r B II rt\i.d hmphotn i t.i,H 
htks t jti-vcd Bhtnp [ Hi ht. dut. picssuJ tiki ptiu tl p) f,nm. itii, djitctotiifittini) to i nsuo i Fu jti.i 
cf i! JoO^} Renin! ibiv LP>.sph^ss(ou id Bd ind'vll ipl i>ni.Xstn. t,cH If n..dstt^..d 
htnj) f j'ltittil v\(lh tJitiUipk ifiM.!oifi.i L itfivd tht n.ilsto \kd)i>L)Ln!t fit to f jtiatiiii. U n.il 
phvtk>t\p. thep!astnite!i^cne,o/ wy / \BP/ Mdu - k>. < , h>m>^ sik-mod \\hf!. tli>^ H 
toll "otios ( /;/'> (/; 0 Br\k s-a /'/) mi MfK ./^ss <7>s ^)c.\pu ^^od Ahhnn'hth^^ 
d(.d!UiMi"iiUatt<)ii t- stiiptjstny; tt is an ifihi,ii,nt tiMiifR oi thi pki tti,!tv btnif mtn tl dotihk 
)iL^<.tf\L K4iihto)\ Ltftni! t\{ mod tnd laLoh I ')(■>[) 



hi luklitiot) to Blim!>- 1 , p!;:i>.tn;fcyt"ic diftVrertti.at:uHi reqtiiivs; the ti<m,srifpt)ort;fi activittcir X.BP I 
( Romoldct al., 2001 ), XBP! dowtistfuani ofBiinip- [ iii the !-uguliiu->r>' {iiurar<:by; .KBPI 
raRNA f?i presston is. nidticcii during p{;i,sni;K ytic iiiffcccDtiatKiR, to p;i(t, btx<n.i^.c' Bhtnp-l 
icptsjsscs Pa.\'5. wiitcii ciic<x!c-s ;i rc.prcssc>r ol'XBPI (Liu ct a!., 20(!z;Rcnn<!!d et &\.. 
1 9<^>f),Sli;iiTer et 2002 j. Recent exiJCi inietil^. detJiciRstnitcd thai XBP ] )s. the iTKistor iCLudtitoi' 
otthe secretory pbuturfypc ofpiu'^nia eeih {Stiarfcr et aL 2004). Oune expre>.>.!f)t) pnifilmg 
reveaied tliat XBPi iodncc-s; the c-Npn-'ssiort ofa iaty.e .set ofgetio^ c-Tu-ixhti,:.: c<im!>or«-Ttt.s of the 
endoplasmic reticiikim and golgi, leading to a dranuuic expitBsioti of the secretory apparattis 
tShiiffcr ct aL 200'1). Utiexijcctcdiy. XBPI aisci increas,fs eel I si.^:e. sriitothcuKiriai aod 
lysosomal biogenesis, raitoctiondrial respiraJion, tota.i cellular protein cotiteot, and the ovcfall 
rate of protein synthesis (Shaffer et al„ .2004), XB.P! is a jnairimaiiati homologtie of the yeast 
tratisenpticiti factor Hae!. whteb coturoK the unfokied ptototi respo!i<;e that !S tnggctcd by 
eelhthtr cvctits that <.i)>.ttvtb the p:foeossf».g of proteins; in t!i.e OTidopla^tnie ivtieuium. in 
maniniaiiafi ccHs, XBPI coordinate;; a ''physicdcigiea!" utifokied protctti response that aiiow:; 
penriimen! ciifTetctiliatioi) to ;! i.ceretotY .slate chanieterizcd by a eciRtutuous, high bnrdcn of 
ptciteitus oiitetfngthe sceveton,- pathway < Ska ffcr ot ah, 2004). The picfotrojjie cffi:cis of XBP! 
o:(i eel hilar strtiettno, ftaietioi) arui eueigetie^ are all Itkclv to i'OTift:tS)tite to tire hi,:.:h-k've! 
secretion of ininiiitiogfobohti that: characteiizes plasma cells. 

Ba;;ed on ihc legulatoiy biology of piasmacyoi;: diffcrcnoatiovi., ii is possible io speetilate that 
the cei! of otigti) of ABC DLBC.L niay be a plasmublastic B ec!l that i^, jjoi^cd to exit the 
genninal eeuter. In eonipari.so!) to GCB Dl BCi..s, ABC LM..BC1..S e.xpiess higher levcisof niariy 
pla^tna eell getie^ {Wright cf a!„ 200,^ .t. Among the^e is XBPI and a variety of its target gene^, 
which encode endopiasmie relicifhim and golgt. fifrther, .AB{.' .[)L.BC[.s express 
Blimp -ImKHA at levels comparable to those in mitlttple t5iyckH5ia cells fmipisbltslred). TIrts 
plienotype is similar to that of a rare subpopiilation of plasmablai;ts in the genninal center, 
which are thought to be in the process of migrating to tire bone marrow m'hcfc they differentiate 
fully mto pkisma ccOs (Angelin-i>iiclos ct al . 2000 J'alini et a!.. 2(K)0). ABC Dl BCL.s do not 
express a variety of other geties that characterize normal plasma cells and mttitipie myeloma, 
snggesiitrg that tiiey are derived from a cell that is irttennediate between a. genninal center B 
cell and a plasma cell, hi ^.upport of this, notion. AhC DkBCLs have somatically mutated 
iiriirit)iiogio!>nhii ■•cne->, and th.t.toie aie doj^ed fiom a B cell that has likely tra versed the 
gct~tniiial center (Lossos et a!,, 2000), however, in contt-a^f to GCB DLBCks, ABC DLBCL^ 
ha\e .i lt\ed eomplenicnt of tfrtmntioglobtilin gene tmilattons, snggestifig that the somatic 
hypermntation machinety has been inactivated as occors normally during plasmacytic 
difft-reritjation. 

The iticieascd iiiidcr.staiiditig of" the rogtiiatory biology of f)L.B(: 1..;; rnay provide avenues lor 
therapy. BCi..-6 itself coitM be a fherapeufie target given that inhibition of BCi..-6 futietion in 
a Bnrkttt lyniphoma cell line caused ceil cycle arrest by derepre.ssiug the cell cycle inhibitor 
p27kip! and by detepressing Blimp- L theteby downtegitlafitig c-myv e.Kpression (Shaffer ct 
ak. 2000). The activity of BCL-6 as a. transcriptional repressor could be inhibited by bktekirig 
its interaction wtth corepressor eomjjlexes eontatning MT,A3 or those containing SMRT, 
NCoR. or B(. oR thatbmdto tts arninotcrminai ROZ/BTB domain ( Dhofdam et a!., 1 9V7T-1 nynh 
et ah, 2000;Mein:ick et al., 2002;M«scat-, Butte atid Downes, 1 99S;Wong and Privalsky, 
1 S>*^)8). The function of B( 1.-6 is afso inhibited by aectyiation, attd theteforc dt itgs that inhibit 
deaeetylation of BCL-(i mtght prove u.setul tBereshchen.ko, Gu and Dalla-Favera. 2002). 
further work is needed to tmderstand which i:>l..B( L.s triight be sii;;ceptible to B("L -6 inh)b)t)on. 
ABC l.BCLstnay be less susceptible tiiati GCB DLBCls sitice that ha^■■e lower BC.:L-6 
expression. C nriously, AB(.' DL.BC l..s have high Bii»ip- ? mR N.4 expression and yet arc highly 
proliferative atu! express i at high leveh. It is therefore conceivable that .ABC DLBCl.s 
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^ p!i>\!i.k' j(ldi!iOHjl nii>kxi)lai tiiry;(.'t> {or !hi- ULRCL ub^ioiip 

Primaty mediastinai B ceit lymphoma: a DLBCL subgroup retated to Hodgkin lymphoma 

> Pfim.iix tnci{iistiii.inudihnii>iKii[i,5t['MHl ) \<..5s (nfti.iliv iK-lftK-d .i'- ,5 stihgnKip of i )l \ 

j[i Lli^4lL■-^l^ !\niptii>f}ui tiiiiLiiiiiffRg fR \hc [nLlif.i^ti^linn Sun^t i{ns KniptiOHui stiha.!oiip wd-. 
O .-nloK Uc{"))K\l b\ n- (.Imii^.i! i.b,it,ittctt,-t)i:> tt h.is hkch to he ltt'ti;Hiu:t.-!K'ni!s mJ (ncluJt' otht-i 

^ KnUtliotra t\i.ii> t!wi h.tpj'oju-il hv t.h.tiK. to p)i>i.tit ju thf nioJj.t^iuium iKtu. c\pii>Moti 

Cft p!ofil))\;2 \\a> ,ibk' to tl if ih ihi- di laimsfiL c itci;t't> 1)\ lUcntifvitiu: a ticai itatts c\j'tc--iiii) 

C Mj^ti.iti)!.^ tii.i1 dlMtSi^Uf -Kl - thl^ Kpc ot 1)1 b( } finm ihc .M\wi 1)1 BCi MiEiiLioUpMrtg ! \) 

o (Rti^cnw .iki ct 20i'!?ri,s<n i,t .i! . 2tKn j hnptutanrlv. ooi, quattei 'if the sntnir>!c'^ 

MjhiTiUkd \uth ih.Mh(n(,)l .i(,)-iio->)s ofCSfHl v,a^' tound to i.kk fiK VWIM ■/nu- <. ^pi^'^smn 

)iKi.]ui^l!n.il !iu<'l\o)iKtif (Rov.c)i«.t!<i ot )i 7(tt)^,u 

PEMiciiKv^tlh 1 nuiLvuLii Ju-no-isoi PMbi -.vac Wmihi in he >.Miim ( nvji.iii <M is 
conipau-J to patKots with B and ABC ULBOL uuc^iiafi n^c o^o OH), .^lul the uuinint> oi 
tiK v<.^Jti'.'p.ttKnh^^^^-^^om.n.Ro^a)^s PMBi nmiois „}tou )ti\ oh otho 

^ tjincitic >)tcs ,-i)Lh a> the jiioiiia ptnca) Jfum, {un^, and htca>t, mJ tjiost .-itcs w ttt 

^ ni1n.qiu-)i!)v )ti\ol\.diiu.isos<^HfUio, KIU'DIBC? tRf'sojiwalfi of al "^Ou^.,!) I omojsojv 

-53 ^ta^ of tK\iuci)t i,\ttatKHjal inwh aaan m t tC B ruid \Bt Dl Bd .ue the L'a^fi'untcstm.M 

> ti.tLl hotio niEHHAv, Ipck asKi irui-oL- EiRd i'Mbi 1tini>>fs sk m^'lvod fhts^- ,it>'s Ihijs 

> J'MBl tiunoi- iftjKM) to -j»o id h^ kK il eNtcu-iiiij tmrn tbt mcdin-tutufu isljtfeas < X B and 
|; \B<. Di B( i )na\ vpu-ki thioD-h iho bk'odvtu lui 

^ ( totto ,'\'p)r%MO)i p!0tHm^5 m'\>\ i.-!i.-d ;i st! ikmf and un.'Xpoi. tod trolatiotisjiip horw f^-it f'MBJ 

m .iiid HoJgkui Ktnphonia (Rii cHWik! (.'t a! 2t)n^a,Sas.uc ^t a! 2tX)it 0\vr ouc-fliird oi the 

c l^'.-tK-^ th )t iiKttus'itisji RMBl ftnni tlio othei Dl Bt 1 %uhuiotips o,,^ also jimhh ovptoss^j m 

% llu.l^kDiKnipik.nia i.c!n)tKsa,,ounipaic.lwflh(.i('BDl BC I oJl hues Sc\^ra! ut the PNfBi 

stL'tiatiHo gtnos. ft. i") v^oit loiiinl to cxptosstd m pt imar, Htxk'kut Rcod- 

Sf^ttihcig cells mien'di--eotC(.S ftuni Lan-s ot lindiiktf ioiciosmj: Hudgkm iMiiphuni i 
fRnsunv^iiii.'! )l :0(>^;t^ I jkcvMs^jlicRMBl s«>)iatti)C)tichidossc\ Jt,ih>.'iK-Mh;tt atckuo\sti 
Eohcdiatau^Ti^tKalb c^pr.ssed tu HodAm RmJ-Vcmbcig eciB ,ikb a. (.7)i(' [L 13 
c^pur <!,l,i : ai)jriJ?( tPdi kjtuaiiJ Poj'pirnfa 2(t(i LLh^^■lh ir! al 1 S!- tittiuict et 
ji 20(!t} K<'W^\st fhe jii-tii- c\picssjo)i ptugfani- ol PMBi ind Hudjiktu Btiijibuniu ate not 
tdcn!)La{ \ sithsi.! ot llto P\U3I sjiinalmc genes i-, not o\i>(ts.^eii tit ihxk^ktt) h tnpkotJia ctlls. 
^ i Ros^nw.iid et a! , 2nu^j) Murcosc), Hodgktu Kniphoina cciK ehatxietetisticalK kick 

X <-''d'i-' ' '"-S^ t"^i"^ tnamu' B ■ cii ^^L-tk-s lnjt thos.- ato r\ptcssL-d h\ PMBI s 

p< 0(Kx icah/eii. it i; OMdetil tii.it PNfBJ atid ih>dJ li) h 'iiphnou iia\c tjiam i.h(ikai aiiii 

>< patholo^ii-a! kafiiici m ocnmioti tjjtfc ehh! \Uiil^t-He)nii-iink t'"-")t Bufh Kstiphotna l\p^^ 

1(1. ( Oil isiioti It) M 1(111^! iiuh^tdtiak Obpe^iiiK \Mitm'n rmthi.f)tK>jo Hi'dsikin hiiiphosiia otteti 
O otiginvitvs in ihc medtasEitium, hK PMBL, and Ujton pafhoiogieai CNaniinattuR bosh b mpliotna 

t )n K'.issot iak'(i\MththM[iu tiniuant, PMFU iuiKiCton/nifisxpu-ntK hs piountiotit 
£U sclctoSie nxictioiis histologic ilK as t- jk-o [he ("i-c in tuxkiku -oieiosttig K<\iU tti hmphctiia 

C l)itotestRiL>h eaf e lepoit-, ha^ c dn^ntntnted that )Mtiotils wtlh PNfHl Lati loLpic aftei 

o rt^.ilitisntv trh Hod^'km i\mp?iO!nEi(tk)n:akv dcftos .md ,f ijtc, l^J'^k/EitEit^ (.^ n'tno cf td . 

^' 1992). 

Thissp.'tttitni ol nio!cui);ti iMtholo^tcd ;tud Jtnu )l Mtui)attit>^s sn.'^k-sK that PMBI and 
HodL'kin Svtnphoma Jt^ oathoucncrteaSB iciatcd OtK cxphuiticn hn fhes^ Mstifkiftlic^ ^.oiikl 

Im/nitxol Aisiism: raaivsi.iia-ip!; avaiiaWe in P.MC 2006 .liuiuatv 2.5. 



be that both lymphoma types may originate from a rare B ceil popohition iuth.e thymus (Addis 
and isaacson, 1986). !'n stipport of fhi& notion, a gene thai: is characterijiticaOy expressed in 
F.VIRl.. ;iR(i flcjiigkin iynipl)c>ni;!. MIL. )s. ;iis.o expressed xn a subs-ci of tiiyiTiK RRxluliai'v B 
cells i("!i"tptt'-BefgnKin ct 2002). Thiifi. it i^ p(W<;(bic that PMBL and ^cimc ca^ci c>f l-lodgkin 
!ysri!>li(:i(3t;i nihfrita geiK- f?i pres.ston !>(ol',t;ii:j) that ts charactfristie c>f these d)vni)c R ecib:. That 
being said, the origin mid iiinetioii i>f diynue B cells !S obscure at pre'^ent, Tliytnie B eeih have 
a hiiAi load of sortiiJtie nmtiJtioi) in tlioir itmrnirtojikibuifrt pA-m-.t^ withcmt evidctict- of oxigoitiji 
.■iotriattc hyperniiftatiun. as do PMBlvS iC ;>cnu!i et a!., 2(,)04:nores, Lt and Ha!e, 20(! \ ;Kitjipers, 
Rajew.sky and ^i;i(isni;i(in, 1 ^)97;ix-itli;iiis«- c! al., 200[:P)le)-i fl a!., 20(B;Tc>R()cik- et 
t S>'-)7). ThcriC data suggest that thymic B Ci:Os are piist-getmina! center in ortgtfi, but it i.i uficSear 
whether these .B ceils diversify in the thymus or diversify eisewliere a.tid h.ome to this organ. 

The gene cxpi-ession sitnilaritie.s between P.MBi, and Hodgktn lymijhoma aiv also dtie fo the 
fiict that they .share several oncogetiie meehatyisms. lire NF-kB signaling pathway is 
coastitiitiveiy active ia both the tympfeoina t>'pes, leading to the shared expression of many 
NF-K-B target genes (see beJow) (Rosenwald et ni... 2(M)3a;Savage et al.. 2003). In addition, 
both ]'\fBl. ami Hodgktn lymphoma have rectirrenf gains and ampitfteationsofa ehrotnosomai 
icgion in cytobatid V[)24. These abnormalities ate piescn! in 40-.i('";, of f*.\lBi. Inmot.s, and 
1 0% ha:ve a htgh-leve! atnphficatioti (Rosenwald et al., 200.3a}. This regtotr ts also smplitied 
li) Hodgktn jyniphomii eel! {tries and in piitnary Hodgkin Keed-Sternbeig eciis {Bettt;^ et al., 
200i;Copie-Befgman et a!., 2002;Joos et al, 200f);Joos et al, 1 996;Rosenwaki et al, 2003a). 
The atnplfcon contaitt.s the genes etttxtding the tyrosine kina.se .l.-\.K2, the .B7 latnily tnembei s 
PDl. l anii ]n.>l.2. and the put-ntive chfomath^ reguiafof S.MARCA2 (Rosenwakl et'al., 
2(K):?a). C.ff tticse, .lA.k2 has rtveivcd ttic most attctition dncto its itivolvcmen! in sttmnlating 
cytokine Signaling jjathway^. .Several PMBl. signature gene^ arc known to be tndnecd by iI.-4. 
inchtding iL4!/Figl {Cltii and Paid, 1997), and^AMLfKovaneti et: al. 2003), STAT6. which 
mediates signahng by 11-4 and 11,-13, ts phosphorylated and present in the nticletts of PMBL 
eel 1 iincs atid mtxst pritnaiy PM BL luniOiS; (Cinitet ct al, 2004 ). Indeed. J A K2 i.s ptiosphotylatcd 
and potcntinhy active itt PMBL eel) hoes and primary tutnors (Gtiifet et al, 2004). T he 
mechaiiisins itnderlyitig the activity of JAK2 tetnaiii to be eincidated. as neither lL-4 nctr IL- ! 3 
arc expressed in P.ViBi.. 

Genomic copy titiraber changes in cancer may be selected bcciiisse they simisltaneonsly alter 
!hc expte.ssion or activity of .sevctai genes in !hc afleeted tegion. it is therefore [xj.ssible tiiat 
the 9p2-1 arajihcott is impOiLanf in P.MBi, and Hodgktn lymjihoma becaitse if caitses 
o\ crcxprcss)on of PDi..) aiid.dr PDL.2. )ti addition to .iAK2 FDL.' was fottnd to be the geiie 
that distinguished P.MBi. from other DkBCI.s nwM stgnittcantly (Kosenwald ct al, 2fX!3a), 
P/)/. 2 was found to \k htgiily exfjrcssod in PMBL nnnors even iti the ais.sorice of" a 9p24 gain 
or amplittcation and was further npregulated in those tittiiots iti which the gene wa,s amplified. 
r.DI Avas likewi.sc overe^<p[essed in PMBL tumors but to a les.set degree than PDL: Botii 
gene^, are also expressed in Hodgkin Syinpljoma cells iiloscnwald et ah. 20i13a}. POL! and 
Pf}i..2 belotig 10 the B7 family of sniftee proteivis that aflect J cell responses K firic! ct al , 
2003;Dong et al, 2002;Dong et al, 1999;Freeman et al. 2000;Latehmatt ct al, 2001). Both 
proteitis bind PD-L a ceil stirfacc rceeptOion 'T ceils thai hears .secjiienec homology with {,1)28 
and CT.LA4 (Dong et al, 1 999;.Frecma-n et al, 2000;Latchmati et al., 2001 ). Engagetrient of 
Pf)-! by PiX..! or PDi..2 delivers a negative sigt.ai that irihibils signahng tinotigh (he T ceil 
reccjjtor tfrectnan et al. 2000:Lateh£nan ct al,. 2001 }. it ha^. been .suggested that tuinors that 
express PDL [ oi Pi:)L2 nuty inihbi! ttjmor- specific I" eel! lespoiises {Dong atid {,'hct). 
200,^;Dong et al, 2002). in ;ti.{difion, however, PJ.)L2 can eo.sttnntlate 'f cells trttder certain 
cofiditions. which is mediated by anothet leceplor that has not yet been identified (i.in el al, 
2003). Given the probable origin of PMBL tVom a thymic B ceO, the eel! stuface expression 
of PD1..2 or PDL i may allow tiiesc lyniphoma cells to cocxi.st witii the T cells in the thynnts. 
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<.>ti cuic hand, PD1..1 iirui PD.l...,l rruty irtiitbi! T coii ivs^iXjii^cs to the lynrpho)r!;:i. On \hc otiict 
hand, the abiliEv o{"PDL2 to co'^ttmulatc tbynut: T ceih tiiay [cad to the pioductiofi of cytokine^ 
that promote pcoltfci-attoti aod/oi- sucvi^'al of the PMBl. ceils. 

^ Oncogenic pathways in DLBCL subgroups 

> One of the most comijelUng argtinistifs PUfijiorfh)^ the x'isw thcit the DLBCL ^t)bgryt)f>s 

^ repre.sem dtslifict discELses is thai they titilize distincl oticogenie meehiniisnis (Fig. U.'). The t 

O ( i 4: 1 fi^ tninbiot-ntion dctcguiutes the BCL-2 gene by piaon^ it uenr the evilKnjet-r eieinentt, of 

^ (he itmraiaogktbnlia hany chain locm. This oacogettic event wa,s foittid to be cotnmon in CjC;B 

C& DLBCL, occurting in 45% (29/65) of cases analyzed, and also was detected tii 1 8% (2/1 1 ) of 

C .I'MBL cii.sfs ( Hiumg e! ai.. 2002;Rosenw£i!d et iii, lOi)!). By oonlni.st. oi)t or42 cases o(aB{: 

o DLBCL analyzed, mm had ;t ti-mi^iocatiui). Nonetheless, the majoriry of .\BC DLBCL^ 

exprv;ss 8CL--c iTd"< NA at high Icvcf.s., pmsunKibly due 1o transcriptjonaJ detegiiJalion of 
Bi:'L-2 (Rosensvaki et ai,. 2U02:Wnght et al., J-mtbetmore. the anti-ajjoptottc BCI..-2 

fi33ni!y member .A I is e^cpiossed in ABC i:)l,BCi..s due to their eotistjtijtjve NF-kB activity (see 
beiuw). it) tiie ace of the ivtgh expi-epsioii of BCl,.-2 aod/oi- ,\l in ,\BC DLBCL. thei-e v/otiid 
be fio selective ptessin-c i'oi" £i !{ [ 4; 1 trans location. <.)[i the o1 her iiand, [iOiinal gcrraitia I cctMei- 
etitfobiasts express little if 3«y BCL-2, whieb favors apoptosis as the default: patinvay to these 
cells ( MartjHez-Vaidez et al., 1 996;T«sca«o et al., 1 996). Therefore, (he tC 1 4; ! 8) tfa«sloc.ati(Hi 
'Z. would ptdvide a sttoug seleefive advantage in a uerminai center B cell-derived lyjtiphomas 

X i,i)ehas<.iCBDLBt:i..^ 

J> .Anodicf f ceufTetM oticogesiie abtiotmality iti OLBt'L i.s amplitteatiofi o:l die .f<?/loeus oi\ 

> ehfomosoiue arm 2p. This oncoiieuie evetit occurs rn 1 (>'.:o of GCB DLBCf.s and in 2.5^:;-, of 
|; PMBLs, tm! has ijcvct twen detected in ABC !:}|.B( L.s {Ro;;eviwa!d et a! . .?i)(f.::Bea et a! . 
^ 2005). i>-rel etKodcs a member of the anti-apoptotie NF-kB fatnily of tratKetiptioii factors. 
^ .Howevcf. it is eifrfCfitly uticieaf wtiat .selective advaiilagc is cotiierrcd by c-rc! amplification 
^ in GCB DLBCLs sitjee ca^es with this abnonuality do tiot expt ess NF-kB target getjes af higher 

levels than those with, a wild, type c-re.l copy mimber (unpiibSislied). This conundrunt migtit be 
O explained by die fact that NF-rfJ ttatisuiptioi) factors require the activity of !kB kinase to 

-o' become ioeali.J^ed to die nitcleus;. IXii tng a germinal eetitef reaction, .stinntlation ihroiigii the 

antiget) teeeptorot through CD40 can activate !kB kina;--e, and a germinal center B cell with 
a <:-rei afnplifkaliofi might receive a stronger antt-apoptotie .signal and be positively selected. 
In this scetiatio, c-rel amplifications may confer a selective advantage early in the genesis of 
a Cj{.::B DL.BC 1.., but may i)ol be ftmetioijally importatit iti the tumor at diagiKwis. 

Cctmijaraitvc g-enomie hybridizaiiott atiaiysi.s hirs tevcaled mnttiple differences in 
chromosomal copy ntirnber alterations between the DLBCL siibgroiJps (tmpiibhshed). In ABC 
X .DLBCLs, trisomy .5 or gain of the dwomosome .^q arm was detected in 1S% ( 1 1/62) and 24% 

~g ( [ S. 62) of cases, respectively, but these abuoniialities were tiever detected iti GC'B DLliC Ls 

(fl.''63). High-level atnpiificatton of chromosome batid i 8q2 1, whicii contains the BCL-2 gene. 

> was detected iti otie sixth of .ABC DLBC Ls but in only 3% ofOCB DLBC Ls. This abnormality 
icg; may oeetrr more eomtnonly nt ..;\BC DLBCL bee:)ifse IK L-2 is transeriptionaliy acttve in ihe 
^ !ua.jonty of these ti.fmor,s. Interestingly, aniotigthe few GCB DLBCX.s wtth this atitiomiality, 

7?% i.i.M) had a t( 14: i 8^ tratJsloeattoti atxl thus eKptemxl BCL-2. Fitntlly, as disetiss in detail 
§ above, 43% of PMBLs have again or atnp.iilicatiot} of cytobanti 9p24 whereas this abnormality 

C h,is (Ki! beui detected m <}( fflH BC 1 s'tO f and ..nh x.nd\ in \B{ DLBCl s (2 tC) The 

O uncvefi dtstribtiticin of these ehromosomai abnorniaiittes among the DLBt'L siibgronps 

SDggests that the subgrotips utilise distinct oncogenic pathways. 

One of the most importatit diffetetiees; araotjg the DLBCL suSigroups is tlie eonstitntive aeti\irv 
of the NF-kB pathway in ABC DLBCL andl'MBL but not GCB DLBCL, By getie expression 

Im/nitxol Aisiism: raaivsi.iia-ip!; a,va.i!aWe in P.MC 2006 .kmuatv 2.5. 



Ssaiidt and Dav-i 



ptnliliDi' \BC T)! hi 1 ^ \snr fmuHi to )i<n r bwh .^\ptossfnt) ot known NT hFi tn^.-t ;'otios 
AliCHUi!upaiCfl\Mth<K B ULHC LMD.i\i ^'t a! 2(tnh iViHuic tiuxki oi \HC DLHtL 
^ ii.n c 1.(1)1' inaicu NF-kB liuo to LOi)st)ti)t!\c atln (1\ ol KB ktikisL mk] tiKs-t \\c)cti(it 

fLVtUKs oi (A B Dl Bd >.Lil iiUL^s lf)?iihitiun tik \1 -kB p.Mbw.t^ i dcninijin tiatxc 

^ K>)ITI ol jKi3(i (1) a lijKUO Kit !KL>a!t*t tiK kiJ ^ OUiC MiinnUt tnUL to \Bt 

^ ULBC L hut not to CiC H DLBrL t.cll itucs Moic uxciuK PMRL tcli lontnl 

g. to.'^j.iir-^%\r kB i.ti^'ct 'Ml.', Jtiiih.m. mKk-n \r kB d>^noi)st!;ftmi' tin. <.ctiMt\ ottlioNT 

g ^B p.Mb«.t\ in this Di BC i >iib^roiip .i> v.<.^U i Ros^tn^.^d et j) , 2n(}^ i S.i\.ig^ in ^Otr^) 

^ In thfi losj'Ci.t P\U3I ' .ig.iii) u'Cifii>!o Ifv^k'kni {vUiplKun I ^'.ll(c{! .if'o LluMctci i/ni b\ 

t,oti irmirtx c \]--\B KttvHv (B.M^oit .il I'ly.B.ituiU) ^1 .i! . 1')'><>X -ibtimiL^s ct .i? , 
g I'W-' rjntik-if. )i ot ,i! ^--'O Kt ippnu.nint ;fi j 'W^J.XN nod, RniT.ttui H)\, b>0\-i 

3 l^ic-c ft(K!uiL>j M[jiL;<^st rhat the M -kH ir>atln\ri\ ^ n pufeotKi! tiKuipcUtn. unix<n to) ABf" 

B. Di B( i iu.U'MB) , hiii >M'K n m H( i in .itp]>.-.if ■•.! thi^ ^traH jm^laido iohihiK^t^ 

oHfHkmjscwLK'tnunJfoht'stkxfnch tuMt fni \hi J>1 PU ,u)d PMBi tcl! b)ics but 

!i(i .ifVil on tit B ni loHinios (i i<; liiUl )m .^f ti 'nn4> Iliovf tni.inu'-, Mippoit 
rh<" fiiithci >{c\ek>ptnei)t oi KB Kti).isc tohibitors k>\ rhc ticatoif^uf ot S^uiiiikiitia^ w fh \F-kB 
.rtiMtv In^iJciitkm ,ifi mukf st.indiiu oi IthMnLrh.iiiiMrHO iisKi.^ihiii^ Itk- Lo^l^ti^(Hi^L h H 
k!Ji.tsc<Kt!Mt\ (!) ABt ni Bt. 1 <«idl'MBl m.n k\id ui tho (JentifkMtK-n ot ttiithoi nu'lccti! li 

"I" ClintcaJ differences between DLBCL subgroups 

> (in.ni liic Dl l,{ } -iib-ioifps.tpp.Mf to,if i^c tiom JifkicRt .kigLMifB .cli Jftk'i.-ntMti.m 

> ijtibre distinct otko^eijit ft itln>> n\ s .mJ Jitter m rhc eNfucssum ot rhotis.tiiiis of gottos it h 
^ pi.'th,3p, )fit sutpjiMt),; th.ti t!K\ dilki in ihoii i «o uHi. toiioAinij, Mtln K\i.htio i->od 

O mitlt! igtnt Jicnnithcuip\ ( A)i-.iJcb t-t al , 2m) Postn^alJ t-tal , :ou: \\nj;ht i! 20(i^i 

^ I'ltiLfit- 'Mth ABC- rn RCr GCB di D<1 .mj PMBT ]u-c t'u<. \cu snntxal f.tt>~s of^il *n, 

^ ^'J"„.aKD'4"<> ti,jp^t.i-t\cH n fi,' IB> Rckut^ cl> tc^\ tclair>sc^ut.i,U) hevunat!^<nc.us vithcsc 

C ^i)n i\d] i=HLs loifgtil. [tllcrt tti>' pt>>b,ibtiit\ \b.it p^mcnls tn d^h Di i .iiii^ioifp Atii he 

o cured bv cfeemotliei-apv, 

1 u dcremiiiic (f Oics^ -urM\J? dftkt^tKe> at^ iq>fuili)i.fh!c m .Ittf^r^nt Dl B' 1 coiictt-, ff n 
ijacss.tt^ tot.st)bh,h;iirh<ti.k niriluidfni tlu uink^nkt) di )wu)m^ oftin. D! Fit 1 Mib'-toups 
io this ^nU, u invShoJ 5>a-cU on Ba\(.'sijii stati,fics s\as ik\ Jnp^d iKit is .ibic to j-siym ,1 
)'!o[<.iniil'. tiu! aL'f\t-t) U\ 1 inuiui s;fuipio bc!otm< k^tiK-Cji^fi Dl Fk I , ABt'Dl BOl oi 
I'MBl suhgtoup, tKoi(-ti\sjk! ^1 -i! . 2'1Uki,\\ ituht ^t a] . 20<D t \ti rnpoitcmt fLVttm^ oi siiti 
'iictliod is that ill .iflous. .1 p.ititdt i.ntjj'lt lo be d*.v! utci " inicLissif icd" x\ tts l^lik oxptt'Mot) 
^ p!i>11k' tk'Cs tint makiKd Shaf ofatn nj the stibgloDjt Hjsvd on tins mctiu'd itCB 

X DFBtn \BC DFBtn" ;mJ{AfFU k ■ nntii fni tnni'ld\"'4U".> md 8>„omi B( I Tlm^ 

~g i8"oof DLBC Lsampk^sidnatiuinclii^^tti^d iindnia> r pics,. tit adUtSional DLBrL -lib^tottps 

^ Ahtin.itiNcK T>tnL s.itnpki )H u i k! -> toiii <■ dKiLnmsis foi tt^hnk.ii iL.isotis. mh.1) ,fs 

^ tiiadcqii^'tc i,ouf^tit of niahgfkttir L\ils wifUiti tiu htops\ satnpk', aUr!! tnav bcippcu ifi t,as^s 

iC3; '-Mth )bu(id(.)it ini\lf( itu))nii fK>n m ibjuuut isiimiiiic (cl!s 

^ An .titf.uii\.' t'MHUt. ^lUhi- tnok-tui.it J)a^tlo^,i^ tn.-ijioJ i' til it tin ,i.ti)^tn.<t) <d;'otiib)[i u 

£U t!Kkj)^!KScii! oi [!)c t\pcoi D\ X ni!t.to^'i!a\ us^d tn ^^iiciatc tbv ^^tK c\j))i:ssiO!i d.ttti {\\ tight 

C U d H\r^) Wiiui thts B.-'-csKin piodtdoi ua-, ip!'!»-'^ '■i"^'' f'nin ^b. DS B{ L bampL^s 

O ptofdcd using AJtsitiUMV uiigontioiculidv nin,to.nia>^, tiC B Di Bf i .md \B<' Di Bt i 

'nli'^totips s\t.tt. Ki>")iUjt>\k aiKi tik-n ^ so.ti 'ntM^ <ihak^ \srir 6r '.i indr(i"« )>"sp.vt)» c{\ 
'"^ (\\ Mgh! vt ill roCD) Mure K\cnth, tnan^ gtoiips ha\(.' lis^d tmmiin<>ht-toc{icnitcai staitu Ei>r 

itiv ptok-ni' 10 .tputositn.tto i)ird)st)tictton bi.-t\s>vn (it. Fi fH BOl .nid \B(. F)! R<. 1 Did 
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^ .... 

T GENE EXPRESSION-BASED SURVIVAL PREDICTORS 

^ uuMkvr is^it >ijip)oat.h tb.it uh^- m inefhod- th if Ui.t(\t piouiftKtit jxincio^ in fhc l'cik 

t \pi(.^^Kin din \ Li>fn|ilL)iii [iftii ^ tniKtk i! iippiOtiLh is titjiRci s(ipLi\f^ni i n.iHis^ it usl - 
^ -t ifisfiL d .nctbixis til finJ <i s m mat ton > hct^\Lt.n^ti)L v\j->tc--iiin J,if i and L\tc)i) i! thntt il 

^ ptdiolo/iui! n, ,)u)li\iiLit >ia!i(Stiu>it Siipav is.d liuflinds t\pu !v 'iiih. 

§ di.ti.im!)UfU' thi -wtista il t.oi!i iattnti bi.tv^ t,t,n thv v\p)< ssfofi ]>< ttvin ot v.Kb j,vfK on i 

^ lr3tLloti[l^ t!id ifi.XLiiiiipitim.iu sdJi iui^lh Min A a! ioli^w fiisi di ij^tiosi , 

Q Supi.)^ (scd iucthod- tcicc .1 n< imtkifh nuiltipk t.y np^n (-ot)s pjiibSc n fltou-cmd- <if -tatista il 

"H! lonoiitio.isu) ihi mad^ iism^ th. t.^-)..- pxoUk- oi .aUi aouo on fik tniaoa ia\ a id a 

Liij-L ntnnhi-) of tln-sc i nitc! itinus v dl ntcin Ia th iikt. done Bt.i a)s^ n{ fh(s titt. 
i.niisuimiiia n i.ho)u^otfiK "^.iks^\!ti) th. !>i^->f i <^itd itn^ns ^ jti U )d to du do\t^ioj>mnn ot 
'^r it)-tk.a! inodcK th it < )^ ti\ ct tit \> fitc p.ii tkuL i d it i s.,t m v bwh the\ ^\^tc U scd tR w-obytt 
2(H)4-t. 

This ptnhU itiwiii Ix t.!Hittrm.tiki{ in diMd)ti ' )inpKs)tifoa ttaiiiiti ' sa th t! i u in! fo 
Z t^fi^f 't- i ^t<'ff^fi' mod J ai)d i t.st s.t th.it t^ u^.d U. s .dtdatc thv niodc) \ini-ithi-5css it 

X islikL^. thiiino-t tmnL^s g^fiLt tit d ui th^ tt ifiifni; sLn'. iil fidtn\ thditiMii dicfL-t sLt tiidt ss 

"D the itUKk! b t'lntKd fiotn '2<:\k- nhu-c c\pi<"ssfofi p< ttctu- ictk^r tucafiifictu} bfolosju-a! 

^ ^ iii ttk^iidial i-iJitMiU'diL. KRRnlpif tfitUu hdni. tho.{t.ui.tl^t . ioKvit ihiu miiu 

C ftt.i)ii^tiKC\p)vssiot)ditaistnLl,i"fh ai"ni"s tntn iti-ni^cxpit-ioi) -laiiatiiit.^ (Shatkt tt.d 

S "^(ttilt [i)isinothodnhi^soiiflioKun)tit^:.iksf{,nuKodi I'iotuti \snh iintl t. hioLyiwi) 

tufKtion orttfi tioii-tiipttnn.dls coit-^tihttti \ ^ciK ^\j'fL--iiii) -i^i) ituK m.w t^{1t.i t i 

^ piiULllhf .lUuI It lltiLlSit ot stiJiL ot l{i»LiLRti lltOll, th^ k!t.t!\ Ol .ilt ItMt kLliui !t Slgfilllllg 

§ p.ifhv a\ ti! an .isp<xt t..,!lu!ai ph\Mtik>i,'^ ^ut.h i- fh<^ oi'iUta itiyu tar., ^sh iftn .,t i! 

^ ' of") ) t \ stK ^ I > > tij i ippi ) Ji ins K 1 i 1 1 s> li ^1 stipi ) M ^1 <.i } tn. tho( h f o nil. ti ti (\ ^^i. idi 

c\pK>>)oi) j-nttt.)i)s til it <,)C Lnnclatcd wtth ,iti cMt-ii) il p 1) itntt^t oiui tiicn to cl issit\ tht>i" 
'^-in>nm,'.-m-<K\\. ion si 'ti ititt^s ( Ros. lid 1 1 al "(H)"-) \(. \t a st iti-,f ii ti itHnk ! <d du 
<'\iaiu \ p.iian^tci i- <!<Mt^d i^ma fii<^ ;a^fk c^O!<^ssfOii sf^iiutui^s tn-tcid of the ifsdt- tdti i! 
i^Lfits l,\ i.fttHin4 ^fali^iiL il niodti - {ioiri t ItniitLii iitinihLi oi _;LiiL t \pi(.ssmn sii_iiituf ls tin. 
UHSltipIc t.ultlpaifstit)^ piObiCltl b U3it!^1t(\i ibc toiiiW ti)^^cvft<itlsd^UKin-t!< tctb.it thb 
MiiiMiudappiouhiiisbok.iii o<i in. i ossiif]i\ to .^aK nr i) pioiiiunts m iU i^( i nnmii 
cell Ivniphoma. aiid toUiculaf Ivmphotna. 

^ A gene expression-based survival predictot for diffuse large B eel! Symphoma 

^ Till sti!idi\i K<n oi diiiiist. I ligv B i! ivmpiiotna nito siihgxiup, (. \plains oiiu liu! tio! all 

> oi tht \ f)i.it)o)nti sui.t. li tdliKst puiiLiits \iiinitiah patitnto^ith <jt B J B{ 1 bs^v t 

> fvS^niscIs i i\ot.tb?c picguitst, )iui^bi\ .dfi^^Mtbfn th., fftst rwu li- o! dtiuno-is Piriotls 
% ^\ith \Tii Di H(. 1 lifM ) H.1 )tj\i K pool pio iiosis vi.t mtu'hi "^U' * uii. ioii^' t> tjti stij ^t^oJ- 
O "101111. lit iiiis (.htui <M hi,f.!o^i,in. it\ I- vXphiiiiLfi b^ th.. 1 1> t tint . vitani i^luik ji \viii.Hik h.ot. 

ptiiojiostii. sj^iiutRam MuDI Hi. I and tiiui tt)tlnctn.t. ni )\ iiotln toili tui ni ttDiioi •^^n^ 
£U c^piussioii ( hrtiL.ti jiai ifiKti"! - « uh piugiU'-tit. s(gui{)i,a)iLC i)i DL B( I iiicKid.,^^! tttiitci 

C st.iL'L sLitntJ 1 Kt.itL dtindm^tH.ist int! t I liiL.isiiiL .>t tUKK'i hiiikt pvtt ititi insi. staiiti .md 

O tin- nunihci "1 c^ti inoda? -itc- (Shipo b'>'-)^) ib.,-c ii.. Lltiin .il p^n^nn.,l.fs Unm rin- 

v§ Itit. i national Pt(i;')iostiL jti.lt\(Un^ ^siiuins t'Dnti ' ptt.dk kn oi siiiM.ai iti Dj Bf'I (Slapp 

'"^ Ibi- DLHt L -uby:ioup di titkitoit is f.i!istii.ai!v iiidt.p.tid. ni ol th^ fPI sn pi^dktinu 

sui.t. d dttnok'tntni" liuit t)i " suliotdii)! distiiutf(it) fs )iot Htiiii' is <t snijoj.tn totJiiii ,ii 
ptojiio-lti. s iit.ibics ( Vlf/ad(-ii vt al lOoO }\),ot\\ ild al I002t 
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FtDihct ■^ctut)tl^ otD) B( I ^^i)t. i\p) "%su^)i ptojfliDi' U\ i i)M!U' ) %if|)t. i M V j tilt. ihod ievcaled 
Ehvif ihi, DLR< L ^Dl'gK'iip (.hstifKtinri i,<ii'Uiii,- <>nh \\in <>t ({h" bioiogK i! \aHJt!<)n among 
Dl Bt I timuns th.i! odlDUKL-, sui ^)^ li tP lid l! ul Zt)(>li Tins xtiuh i>L-mby 
tdctKftsttm sins(\.il prcdti'toi" jii-tii-s w)t5i c\pti-s\fiif} pjtti-t)i- in DlIU I ttntiui biopsies that 
sUli-,UL.ill\ iss(KntLd \^ it!) tht knj^tb siiisn.ii ol lin. p.ititot- t^RoiLnuuld ctal, 

^ t.O(iiJ)ti,ipU i\p) ^%%t.J tuoss !)ir rn Bel luniot sanipics \ot.bh )rKiir tint) ii.iit ni tiu 

g -iftsts^H pr^d)^.lt)i j;^fic\i,in!]dheLi.i>>ir)edin!i>oiic<^t !<nt) getK cxnicssioti >)UiiiUiie- teuinvi 

^ L'tniKHvil LLittti }< 1.1.!! !Mnpiin(xiL Mfl( ti.iss!! unJ pidfttLi.itkH) iFti,' V Kiuilaui i.iti. 

^ model ii{ sunf\.i! a.i- foriKd iiom Oics^ tout -t^twUitc- .ttK! ctK jdjiliouil pf^daffx^ c"-"'"-'' 

^ B\{fV svitk!) \\ IS not jxiit tit.t ^'otic ^\[n "sstoti st^'it.tttDC T!u% tnodr! \\.f, if ft^n <i 

^ 'stii\f\iii pivdiLtoi ^LfHv t<>i,<n.hpit(i,Ht5)j^ixiiifiUinn)t giniL >.\pr(.ssii>(} PaEutit w ^ tiitil\>.d 

3, iiCu))iim;' t(i i!icst. Mtt* )! ptuiuio) M.O)r% aiKi di* kicd ttito kmt c)it<i)U!o jnoijus ti) tt !i k\ ^ 

^ ^..it Hjr\'i\j| i ifo U'\> .ttK! l^'\>(RpsctiA.d(.!.n.i ^Ooj/ihi^ -nodJ Itid .t 

stijiigtt ^t.it)it!i.vil tiMiLiatun '\!ti) -ti)\i\ t! !!i<i)il{!0 D! }«. i suii^idiip dt' !ttKtK>n 
dciinitisttcititisirijat It .kOuutircd hn j ghvttoi di^gt^i' <,it f!io t.!ftni\d 5ieKtoge)ie)t\ uinuisitiKsc 
pttj.nt, T!i)stiu)di!tntj l'^o^ Mcrtidt ititic tiis ti p!af omuu htifoi tin. p.itk tits iit.t t.t^ outhit. 
p!i>y;iiostK ^'n Hip Sot wtnini .iiidii n\Llmi, b^i^Lf! Lliinnntln,! jp\ tia^ ,i i,<Hiablt. (.ij.unv i>i 
j'iddiKmj,' n.ino tndotio qu titomf tin p.stRnt- tiuipt' n ptoL^tu" is^,! oiip t x .dkot lti^ l 

^ dierapjcs sjiotijd be considered. 

X 

^ GerminaJ center B ceJI signature 

Itie cotnponesits oi'llds tnnfli vaitale niodei tcveEti bioiogiofi! fcEHtiies «f Dl.djiC.'!.. tinnois t!i:it 
^ ;ippc;ir to tuflDetice the prohabiiify of beiug ctired by cl:tt-mo!l:tt-i;ipy. Tlit- ueniiiti;!! cetiter B 

^ celi sigtiatiite jiie![Kio.s tluwe geijes. ihnt nve i;:licn-cietcri.stie;i!!y expressed at the geftnicud ceviicr 

^ B cei! Ktuge of difYerevittiitiot). T!)is signnttire tntirore tlie I)1..BCI. .suhuroitp dtsttticfiou in thu! 

^ both <:;{.:B !:)Ld:4(: and PMBLs exprcs.-; gcmiitia! center !^ ec!! sigrtEi'mre gene.-;, irul .A BC 

^ Dl..Bt".l..s do tiof. The tliree gertnina! ectitei- B ceil ^igontufc getic^ that were fyutid fo be tnost 

g strongly assoekited with swrvival were BCL6. SERI'INA9. atid GCET2 (Roseawald et at. 

o MOzi Both SERPl^:-i9 ami 6CET: were identifted as gcftnina! eeufet B ee!i siunatitre uerie.s 

~0 beeaij.se tite Lymp!iocfiip A microanrays iistxi for tliis study itteltidtxi a large tntmber of 

DNA eicme^ .selected f.Vom a .tiernunai eetiter B ceO cDNA iibntiy i Aiizadeli et a!., 19'.>0). 
SERr/^A9 {(.iCET!) encodes a sci inc protease niliiJiitor wliereas aCnH illGAL) is of 
unknosvn ftinctiyi) (f..ossys et a!., 200?;?;»i et a!., 2003). Infcfc^titigly, GCET2 is the Jnnnat) 
)tomo)()g[)e of die mouse Ml " getie. winch is re.siueied ii) expfe.ssion to getinina! center B ccHs 
(Clmstojjh. Rickert and Rajewsky, 1994), 

Z; It is inipoftciDt to Cinphasize, hosveva-, that fhe.se fhree gerndna! ccnta- B cell signature genes 

X rriay not themselves iiifliicrice Mir\ i\ a! in D1..B{. L, bin merely [eprc.seiit die laci tiial tiiose 

"Ti tutnors of gertninal eettter B ce!! origin have a tnore fin orable prognosis. .A, .seeont! inuiy also 

used stipervtsed meth.ods to eliscover siirvival predictor genes iii DLBC L {Shtpp et a!.. l{)i\2). 



Two of the stirv tval predictor genes litgiiiightcd in the study wempmteiti kinme Cfi 
fFRKCB!} ami phoxphadiesmmse 4B {FDE4B). both of whieli are niore higiily expressed in 
ABC.: Dl..Bt".l..st!iat) in GCB DLBCl.s fDa\^s and Staudt, :002;Rosetiwald et al., :002). 
f.ikewhc, another study getieiated ;i niodei of.sni vi va! in DL.Bt: L. nsisig si gesK-s, nvo of winch 
ufe germina! center B ceil signatirte genes {BClb. LM02) and two others are mote highly 
expressed itt ABC; DLBCLs {CCND2, BCLI)(Lo&&os eta!.. 20(14). Thtis, not uttexpeetedly. 
each stipervised mode! of DL.BCL sin vival that has bt-en eteated ineotpotates the DL.BCL 
si)bgt<»ip distinetio!} since this ts a predominant biological di.stinction atnoiig DL.Bt: L.s that is 
associated witii sunival. 
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Lymph node signature 

^ Iho Kirijtb ^i^luo■■'^u;^).^r^ue Ukhkios main i.!:c)tc--\\hoso CNfricssuDi jxirtc-isn wut. tound to !fC 

^ jjL'fic- 1)1 tb)- >)i;nani!t. nut tut'it'K )0{1n.t noimji Ismph nnJc tclls but cifht'i K-ilcLt .i host 

3> K-^jXiRsL fo )[5.tiig!ia!it [>1 [5tl ^cli- ifi tiiL- iMTipli iiodi^ hi kL^tfijfm xMfii thi^ nofiiKi (hcKiFjph 

> node -.lynarui c ycnc^ ate not h(s;bK cxpic^scd tn st K mpb node biupsics frnrn to jiitk i,c!! 
J"!, hiriphojiLi ^jiLiiiKniptioLMK hiiipbtinia oi killRiifiH Knipbnnia PKl Mfi \tv ji piciin't'n 

O jjL'nc- ithjfi fitt. hmph ijodt. stjjti.ittnc mi.ii)dt. ^oncs that ait. cxpK'-od m tnatjnplta^t'^ (o g 

^ ('u>Y.M.?/ If /\, fiJo^i.i.nf. rK»^/»v.?(^>'.r.r((nuW/-/Y !{ )0T t\hiob!a-ts ti. L' .'».?((. Vvt 

C& "vv, t , j.)iu'' '<!> i'liin itiJ jjt'iK- tb It tticodt' txtt ii.o{lu!,u tnatox Lnmpontnt- 

o ttuiti su-ncDLBC ! pancuf^ ^ue hcuih mtlltiafcd w fh uKn.iOp!Kii,'cj and m>uk> ha^ c n 

j«>>niiUO)l! s^ktnlu kai^finil (. ^pi^'^^lnil of fh^' iMlipii !}ntk' ->)g)iaftl)0 SJ,0[ii^s app(.ai;^ lu )iik'( f 

'"^ thc-t. ho-f icsponst- Indct-d ^t-iK c\j->tc--iiin piotlhfu ,»! il\si> of >opa).rtt.J ni.ilufnnt mJ 

n.->tini)li,;nant>.kd)^}t<'mD? ISD biop-\ Npou)iKtis u)iit!im, fii-U fin. ! )i'V it).t|n,(t\ i>i Kmph 
i)odc stL'fi.itmc L'^tK- e^picsv\i to the fiot)--n.iiij.L().i()t tunptihh-b^d) Uk 1)1 Ht ? 
^i)hgftiiip^ b ivi' soitKW tiat liitli-'iLiit t \pii.'^^Kiii of i\ mph iiofic sfgfijtuft g^-'in.^ ^\ ith I'M i-il ^ 
h.n ifiL> t)finctsaO> hi Lib c\p!<"ssfOfi, f it H ULBOL- h.i\f()j; jmcKucdiati" e\piC--!Ou, nod itm^f 
UU bl H( ? .h.i\mg.it<.iativo). o^pt<.^,^,i<.o Wm.thoio^-,. .tniou>-\B(. n) nri v Kmph 

;Z i't'*^>-' stgii.ittnc t.\p)osston )- .issot-tattti with i mote ^a^O)al^k ptnjjtioMs >.\a-\ HhnvJ^ this 

X 1>S HC i •^^lh4loup;^•^a^vhok ha tichiluLk poo, piogu.isi 

3> 1 ho fULoh.iiiiMtis iioi-oiisitiiig itii Ihi' ii "OLi.ttioii ol Kinph iuxio sigtutUfL g^-'SK oxpitssioti anii 

> taxoiai'lt otikoitjt m j)l Bfl h.tvo tu-t botn tlucui itcd t>ne I'OssibihrN js that the tufdtnitut^ 
^ I ol]s th.li Ok'tKi.ito tho l\it)ph noilo M^;tiatmo aio itioimtijio ;in ntntiiiik lovpotwt. fin. ntmoi 
^ 'jhc nmiuiiK icspnn^o nuuiiit l-t. ttictfcLtnt nti tts oHi), lust nimiit btiji tnDti fl>i)tt. to >.m ifnc 

^ 10spo[i,>~s foH'HXHi- oli03t3nitioiap\ \ ^0>\imi possihili1^ IS lli.if soiiiL nr m T - loh nil sigfui, 

^ iki I- Cii fiotu bosr i,c}U Kn sut:^ t w^i and O) ptuhtciart'ifi bi this 'e\t[aivlluhi! mlmkiI ckldu-tttio ' 

C b\pofin.s(- thL dLptfidoiiLOot !ho3t3,ibg!uiRt >x!!s on niKio>ni\ iiotiniotM.t! Mgii.iis in !ho iotiph 

o node max I'tcxcm thotf -ptt.iti to otht.! in.nonut.il sjtcs )n \sbi(,ii tbt-t- sjgnah .mo ahst-ut hi 

-o' this i.<;atd, M I ^ )tit. lo ^Knij, tb.it hf.du xpio->->)On ■■!! tlK ]\mpli H'X!o Ni.rti)tiin. !->.is.s.ot.iatoii Ailii 

}ov^ tiiiwit -,raj;c ttmpul hshed) Ttiiwit -,raj;c is a nieasure of liov\ tnam !>mph siode j,s ouji-. 
ami LstitiRoda! ^ito^ .ti^- iiix ol\ td iR a pittLiit .tfid tiiif^ >\niM lotltLi im^ a Lii ,i in.ih^ifUfit 
ULBCH, ccO cafi si!(\nc and PKibtcratc m n<:v. afutouifc.ii hx.if)0)i*^ hi Dl Bd s \\ulth(j.Lh 
ivsnphnoiL siouatmo .xpiosstou th. )n.ii)ij,nant Ji, )n.i^ n.t.o)^t. ,i'.'nals ti\ Jijott t. Jl t.o)i 
tontact \\]th tunint-inJihiattng iu-t Lci!> Ahcni.iti^ t.i\ -into mam ixmph node Mu:n ifutL 
^■.■tKs. onondk' o\n a i. J iiiiai )n.tt)i\ (.onipouonts jt )M-ont.O)'. )bk fii )t (.-.fokmo o) ^.iiomol iix 
Z; ^ti^ticdnii^ couk!He,n!i,'UK()tcdb> fhon Jopo^ftofi'iti c\fnn.o!h[lu uiatitXiuDLBC \ sw irhbieh 

X ivmpli iiode sigiiatiHC expressioii. 

P' < oiTijxiivHt^t Lxnonrn- hvbudiAHuni it) ii\Ms h.is ft*i.alt(i tlui sojHt diiO)HOT>ttxil (-■>p'> 

^ minib^t t,h.inui-s tn Di BC 1 - iu' ti--oi,i.ttLxi \\itb hiuh oi h>^\ Knijib fiud^ -iun.ilmc cvpf^s-icn 

^ ^!tf)lii)b!fihiJ! lint.oi ^.-r u!w))i liii'.i -K thu! p<.)!« ithn ntKu.otiit mtitt. i ii )to )DIi)tH tint 

^ !s depends tit Djtofi hmph no(icmKiocii\ ttouniciifal ,iy:nvils^\hil^ oth(.T<)tKo^ciin. v\(.'iitM.i^atc 

<. Di BOl liu.tis itidqxtidout ot Mult ,ii'u;tls \\h.'kM% tno%t otico'n u.-, j.^n.j.-i <. u^ii 
^ tiid^p^fKicn! ut i:\fi^xcliiii ii stgu ji-, ti has b^cii postuKif^d th.ir Oi-ft.nu utKOULNtL^s m.iv oicttL" 

C Hi tntouiLiKndotici. hL!^'.otf) tin. )h iltiitunt .md tt-, jmLKxtiMmtDHttit tlfviualMti and 

O VfL^inbL^ig. 2'''Uftt f)nv i:\atiij>k is the unt,oui-ui: t,-m.it, ^^hn-ii iiCLiu^tiriv ovi-icvptv--C(.i ifi 

•p^ nmhtplo onolotna (HniuU ;i)()4^ c jn d\n^odcs <, B 7IP ttati't tij^uoti fjunt jtid ^i.-n^- 

cxpicssioii jtioftimg \\a^ u^Cfi f<> distosci th-. g^iK^ that i! trvirisacttvif^^ tlTitit of al 2fH)4) 
t >itL 0 )n,d~n) l^lI iittio is (\" A'", x^ iuLlt oticodts ati Jdh*; ion ihoIlvuL- tb.it, tobiothv.-! v\ tlii 
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t)ik^')ui(/r hiiKhtof un.ihi.-ifn r whliK-f nu' .'\pir%%oJotit)f"Mtf r,n.rorbo)irin JiTowsftoiria). 
(.cIN and ihc lipu'uul.un'n oi (n!cy:i!ii |r b\ c-uiai i. ju^c- tn^ciI1tna c^lK k' adhere more 
sti jiigfv to tlKsL inoiiuii ^ciK \^ .nostilt, llio hnoo tJiui H'x^ stiotjia! vtifs sLOOtc kkkc vasctiiar 
i-U'loth^hci! uio^'.Th j K!<'t ( \ I Ci}-1. \sbfo?i is .1 pfulftcr.iftoti i ktiu {ur nis^lcnui i.c!is as well sis 
<i)i .!)tL>(>>jto(iK t.Kt'X Tliis t^aotjilc stiL't-'tbts tiki! ui) (i)tiki btiUiiioit! joo^lkiiM' 'ns that may 
^ (.jii e i.CiU!n DLBi. L> to K 'ad(ln.tcJ " ti> the [vmph node m!CT<)cn\iK>nmcn! t.oii!d jtro^ iJe 

new t;trs!c-ts for iheKipeiiiic Jtitervc-utiou, 

C 

^ WJHC class ii signature 

C& 1 xj^K^-umofth., \fnr ^i.issH si^mmia paJjtts f ooiahio n)n nal in DI HH iRosttm.iKl 

C ttai IWl) 'ihf. Mjiti,!ti)uM..otnpiist.d onlk^i^LSKs eiie>>din4 tiiL afpti,! and heu (. hams 

o "^fHt ^-!a'^'^^ nioict.uks,^s^\cll a^ fh<" i.;<"ucctKu>l(ng towHKiot t.h<^)t). whn.h i,->ki\^ a ioioothc 

^HK dassiLint)gO[ipo.s^nt,)tin!}pifim,)\ ])u'\an ifiun in \n}t'rLi->->)] si..ii,mno<. qii^'^smn 
'"^ itnon^ J>1 H(. I - )- Jut to ditkit-ni-os ovptt-H't) w ttiim tbt niahuin mt (.tiis itid not to 

(hftojnuesm \nk d )ss H oxpiesMng noimiaif.'.ja.jt i olK mi-v/a of al ^(HM) hfiaot ,otno 
1)1 Bt 1 ^a)cMtfuay>de\oKiotMHC\l.issy tnohxukNOfifhctf ^uifar. Since the MH^ Jn.. 
li molLeifks aitj nt\aifaiti chant lit encixitd on diti^'U'nt i.ln'nno.>>nie. a sin^k' .ffuetmal 
aitciaft'iti ff) the j.LCno«K c.ifsnot .^cc'Utnt tot djftetetKc^ tfs \fHf " cia^^ H sf<>f),itmc e^i,->!<"ssfon 
Theioh>i^ these JHtoieuiVs no hkeh duo t'l xaifitttn) in a tegiflatt>t% hKU>i ihif 0(n)id!)i;if^ , 
tjic c\}iie->!on of all of the WhH el iss 11 sjjinatino aonos \ot.ibh tjio pio^iuistft, si^tntli. ukc 
X th. \fHt tiass ii sfgtiatnii. is imkpetident ottlie i)i HC i - Mih-ioup di-ti.K turn Hie 

13 iucdianf-itis .n.\out)tfug foi the U\ oiahlc p)<i;mtt>^ts a-oa.ne.l \^ fth WHC eKi^ s !? sj-ijafine 

^ t.\piessK,naietioti.ie.tf Ofn. po-ibiiUx is thai ioss oi MllC .lass }i ntoieetiks on tht -Ufi'Ko 

^ nflM h( Lspic^t.n{s it) tfnmiitic tt-piiijsL honi dt.^ elojitng igatn-t the fnaSt^tiatit toils Intb)- 

B 'so.t.d iiis,uiu<.^titi"ih;if iii BC i ^iKki.),!\fH( oia.O!opio-,-,ionha\e ^i",»1foatif K IVa.. 

^ CPs- i\ tils mffhiattiji; the ttnm-f (! ist eta) J^x-r. Rims/a a .i! , :(iU4t ^fHC ciassiij^ 

^ assoi. fated ifii antueit pieseniatKiR ki ( lU ^ { eeils '^ hieh ate ku'^\KU fo be leijuned i>>i ihe 

§ ,<3ef)tf affon tit opft-nai C Vh- 1 eei! te-pfti^t^ , but tutihtt v, oiK is tkxckd to es aStiate \\ hetb^t 

^ s^iK i) inniniiKjioeie.ii uw haRi-ni- m eoittit hn thi. pfoetH's-ni sytiUuaui-e oi'MUC" class- )] 

g :itgii;itv)re cxpreiiiitoti. 

Prollferatton signature 

Mair oifiie y:ene-\s!th vXjtre ionp<ut>.ni,«hataieeoi! JateJ poi>rotiteiinie ui DLDrL lieiong 

totlu jnoiit'^Kttiiii) ^i.'f) intfe tRov^n\\aki ot li The pf oifti K.lfoti snjti.itntt. nf Itid'^s 

„'cne>l?iatat^ c^piess.dhtjhis m pt o?f tci arm jje^iK and ario^'. k\.liniqiite-e.firi,c?i>(Siii!fei 

el <,i , 2U0I1 7\pisaiK otie Lightlmi all the l'uks KpftsLiited on <. f>\ V KiKio.nKO i)e!oug 

id fhe pxiiiitfaiuiii >iunafiiie Ib^^e iiouos nuode a fniKtR'naiix dfVvts^ -^et of pnneins that 

™ I'l u lolosuit oil c*.elopto^tossfnn DN A topif> iDoiuiiKi iepan.pfolenitK.u^iatiou.ioii '^fov th 

aiidi.e!iiii<n nietaboiiMH lo -ome degree Jiiejtrohfeiattoii -!y;natine^ene>tiiat^tKode ptot^tn 

p, tit^oKed ti) tliL sa(3te isptti of eLlhila) pioiiteuitinfi u l> Jtntnsis teiiii!at>>ts L>i\.>>i\s.fs 

-p, etK \m^-, ftbu-oma! pioteins) at^ 'iiot^ rtghri\ eutegiiKit.d than aie piohieietiun -iuiKitiite 

£ lie) les a' a a in >i e f Nha fki et a 1 2W\) 

. . 

o 

^jf\en i)f" bioathh ot the pi oh let itu)n su'ju.lnio it is i)[tpott;int to ti)fdeist,nf>j whn h 'lil'set oj 
^ ihe>e <;efies t,assOU Jtefivttil sin\f\ai fn l)i iiC i [nfeiestltl;:i\ prolfter.itfoii sioii.itiite <;efies 

g thatetiLodeLe[!e\s[epio.^ft'Monpioteuisateti(>tassoei<.ted VMthstin i\a! li) f>i B< 1 hisiL<.d 

<s rhe oueug^n. ( f>;ii is uiic ut fiie ^i^iKs ni tik pfulif^tcnion sj^natme ihaf 1 1 mof vfn^n^K 

9, <.ss(HKi!t.d wtfhlhe oifkO)!K iKn'onN\aid et ai >. fitji. is <, tiausafptKm taetot that 

'"1^ (.ofita'is tiiaiiv a p^etsoi (.eliular tn^tabnii^tn bni f^ pai!Kllia^!^ a^^oeiateJ \sttb eeil uios\th 

1)0 aitui.iei^t un.^ii si,-utl evei)s ."-OtPj , n,u t, \seii kitOHit ki j'la. a)oieiuti!e' 
pafiiog.D.sf , ut noii-ik>dukiii K-iiphuni )s tii fiiet >! dcicjulaf^d in ttansioeaffOfi to t?ie 

Im/nitxol Aisiism: raaivsi.iia-ip!; avaiiaWe in PMC 2006 .kmuatv 2.5. 



Ssaiidt and Dav-i 



tSnihn !o u' jti t!U is. , ot Bui i ut K ! tipiion i<t an J in a sma!). subset of DI.BCI.S. 
\<iKibi\ noini ji A niiuu! i (.tit^ r B t. > IK ti. s> \ (. (<. Ioh v\jtrc»sion of c-myc and some of ite 
kn n 1 1) L>Li ^DiLs sulIi f ^ Itn l lb it i(k tht i ibdn'iri i{ proteit}* (Klein el: al., 2(}03;Shaffer 
c( ^\ KHH) [t.koioutt,al!\ ^oniiti ii < ^ntt.! < ^ntruhk^\t> sti ly have low c-niyc so as to avoid 
L\)U(KlntL> L)n.)L'\ )\Mh i{kkH U jnug i\nn d |W)iifer3tioB. This biiis in favoi- 

<-{ jtrolsfi latson vdiow - 1.1 niiobki m luiJi i^'o dK multspio iouiiJ nt otniitii, livpi^nniitaoon 
tint ttt. K qtukd kn (ipttjn 1! I'Osdi^ ^ %ol\tRiuoi FKi]l,mti) i)i^'{i dr)ti)t\ k^j ititi 'tit 

^ \nu»it tin HU -obaoiips \B(. J>1 BU iu,s t!K Iti J5c-t L\p!t.ssu>n t v/v ^^htdns 

p lOtiM^-ktif V nil )t oiioii) !).itn .1 po^t .loutntiif 1 ain 1 i that hi->i.ti \\ 'id^-t 'i) t!)ti • p.i!hA.i\N 

d)iftian-vifiif)onJh <i,tn.it<^(. /^<u stinni! it)Ou tit tKHtutl B t.<il- djtrtitisjh < \U)cr^ yf<^ll 
^ MfiltL. KL.pH'isnnu t^L-r /f ; . \p[tssii>!} ;md iiipaiUcuht tiiL \f k[5 .iSi!uiifnsi}i!ti}M i\ 

3 ( ui tiKte. < fttu tian-vifiif)on tSi.ltaHCi i.t ]'->'>b) Iba^knc the i,ou-ffti!fu^ <i.t!Mt\ ot 

B. !)u M ^B]^afi)^^ p )ti \nrin B( I ma^ .ontnbiJtoto jt hi -h ^ Oj..u fit. 

ti lijsLf ijifmnil fLSjiil itK»u't ( t> u ix-onijdcx inmi^t.) md tin- >is tl)dtKi^ to hiMltt. ^moi 

t.q->!Mi)tKmioi Jo^ md. niM t. q->,.-i<^n ni \B( D? Bt 1 s 

hif^iL^iiiuh in.iftkt }ii<){itLi !tii>!} sfgnitUK i^LSK a^^DLi ikd ^Mth poin .niu.mu iRHi B( 1 is 
iiiitkostcifiit! 1 Pos^tiHald ct il JiHC) nhu h ot!c<.|Jc'^ ,1 ma Icf! ir ftinti^ui that i dinxt 
U t.jvaiption.il tai^^.t ot . iOTo.nioiU! ti "-Otr ^^hioss.i .^t il ;t)(}^, iv,„ t,„i \h>_.i\ 
^ ■^iH)2 ''i )Lt U ,d ■^ni)^) UttKtmnnf nntkostciiDt! m A bv to btiul ,u)d >i"qi)L-kt It tn 

^ !liLR(iJ.<dii-t Kai t!Ki\kKi\ :(lt)^Uhn\. s.i iiiid> .^.kniRi l^ likLh to h iv l .^thu tii[i> timis 

^tiKC R\ ^ (ufci:ti.)i.fi( ^-«Kdf tted k)i<n.!-diwfi oi i)tKl<\>-r^tU(u do i^.i-c^ tiv [unnlici td i.viK 
uiS phi^L otitic L.lK.Jt tKai iiidXkkt. :0(i:) L ntvt nlti.K!l^lt. kni^t iiiiiiihLi Mi 
t"-"*-" vticoJt iitickoi li ptiit^tn- .mti iiso Lfdi.nn ptm vssini; libnsoiti d A m tlv 
.nil Uoins tSJii.tNN.i al .'tio^,, \ iliii<i ptoh}.i.iii.->ti siouatmo ^^>.ti>. iiUh^HU B* i Mn\i\al 
pivdi<.t(^s: I- fiii. LOf' o^>tii> ^ \P\fi »\h)i.h is -tiu*,tii!.ili\ tcl iti d to tlK nui^kol i! pu'tvii) 
^ /,,).»/..,/, > ^ \n//(Ko..tiA=iki.ta! ^tkOi i 04. tilLf diL ohsu ^ iti.ms siijig.M h it diL 

g p.iiticuh! siib^cf ot jifuhtci ttt'iti ^ti^ti ittif:^ s^coc- that , ssi,» nfcd w tfh jioui oittvotuc fo 

cr l)i Bi. i «>. ih'is^ f(i)t (.oniiiiRtiMn Rtkh^oKf iiiiKiion huiu ot v hii h )(t. i iu\t. fji^M i 

is, m%(. thtis tppc lis til pl,-ii> in import ii5t jok" inhniphiinn bndo^x rhdt evtttid KM«td rhost, 

"S. )niii.liianti.s (tivvkidi w,, is t, «i k. ti.d 

A gene expression-based survival predictor for mar^tie celJ iymphoma 

\hiiik ti.il i^tnpboint KLOunistoi unighh ('"i ot itoii Hiul^^kiii Knipliuin ts t nt it LuntiibtitLS 
di-j>tupoiTfitfiatids til iht. deaths diii' tn Kniphitm 1 l>t.( itis^ lUoi" no i,uuMiSi" tic itnit.in i bi- 
!\ini>li(i(n<i t^)'L ikit Lii ill ihc % 1st in.oJiitv jt t i-li ti jni i pt*. i,Liini)i lUttiki }< i.lH iiitLt 
^ its Ra!iviny;(.d tninininigioliniiti gi ui s vir li iu!l\ iinniRtati,d K> a 1 utis^qu^ ni (. tijo btoiog^ 

^ ottn.iRtk od b tfiphotn t is subst u!iutli\ dtiit.tt.tit Itimi tb.tt oi mht ) nt))i Hotk.'kiit b nij^btitnts 

ti), toiiginutv tu'ni B . dls iiiath.uv njs>!,>dtb(. gvttntn.d 1.1 iii(.r iht. < hit, tit^nsiit. t( ! i 14) 
^ i) iuiIol itijR Jt tn.iittk n.y Kifipbt'iTi 1 dciLLMiLili.' thi. L-' Lhitf)! ^tn*. I v )'l i^nii: n ui ptostunt 

^ !(' fill" t'li'iuintigSitbiihti Ik t.h itii tui ii> U r^p^. ^.^.titi- icttn b^i^tudfinin > ^'.tth llti' t,\i,i)n 

icg; ti }K)i(kfitkiit!iss I jk4 nil dl t' tltiiibi itiitnmt' i tiM kiti ist. tiiTijiii.\ s tltal lii k \ 

O lODkito! oiiiii-Ui ■sjib.iM tMtisifiofi iitttii l.Ji^^^il fshtii and \t. t. ornnt} "U02t oniu 

(hi. ^niv.pi t.sJit!s i^Jti)T)j t' itotitO)!Eid!\ o,ptL"tiib^ B {j)fH'l«^^'>^- ^ sOi^jms Ntltit 
^ ])2 )- fspfvsscd b\ infitJgtjtnLaiK n,f(^ai^d Bi.^!i- ,MidL\L!tn t> ^■»j>tc>,i\! Ia 1 ninniitu'i 

C t.t.ntL) B t. Jk Tbvttii ) i) t) Di'it'LatioRpjUit- lotlK t.t.iittal udt. >i .cli t. .t.iv. d"- Mti'iikuvni 

o if) tb^ p ifin'plt\sfii!ii^\ ^^f nianik' i.ch h-iijibtmu" 

'""^ Mantk" cell Kmphortui has a characteristic gene expression signatxtre that can be nsed to 

di.stingiiish it ftoiri other noii-Hodgkiri !y iriphtitna.s (Rosen wakl tt a!. , 2i)03b ). Tlie vast jnajoilt}' 
{>95%,i of cases that are histologicaliy compatible with 9 diagRO<>is of mantle cell lymphoma 

Ath- rmmunol AiiSk...;- jmmisaipt; avaiSatote va PMC 2006 Jamiaw 25. 
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iiutirL" t,c)S i\tnph(>!ti.i (Ru^ciiwtiki .t! , ^Uftibl \iis smoit^tiijiK o\t.?fn oi i.\oiiu D ' is 

Ihc suu <if ir>at!i,m^ v [tb tn^mtk ci,!! hmphtioui t.ificc^ tioni undci ofsc \> nunc tbrui 
t)vc k(.<n^. { -HIV the g(.no i-xpicssi'Hi sijifufino of inu!)fl(. ■-(.{! ivniphiMusi i1 au^ possihfc to 
!dc)it)t\ some p.iticnt- \S!th aij csfiatith mtkiit-ut tnnn of tb)- Kiiij'bnni.i whn -iu\\\cd mote 

patictit- icci,i\c n \ MKty otYhctnotbcnnn iCj^iuKt^ oune lu^ bcco -btiv.ti m >iHct the ki)^tb 



poMtl^ u nunitjc (,cH h tnpimtn.i w .i- usuti tn i!nto\ tbt nu>k'(,u! it h.ist- the ^ j)\ my^ iui)i;ths 
<'}M)ni\;i)oftiKN. p.iiini!s(Ro^um,3UK! .t! imVo) Allot tiu iK s ho-o opu-.-,)o)i a - 
.^ssuoarcd w tfh shott M)n !^ M Hekii)^v\! to fhc piohtodtiyo i,'i,t)i, c\ptc^^i<iti ^tj^tiatua il li^ 
4\) {ntoimisnnDi H( 1 , fiit piolifWitKm sfgtnmtt ^>Mi.^s th.t! iss.H^f.itLii v*.t!k ^i)n a a! 
i\t itKititlo cell h mpht'HLi iJichidod gu)<.-, m\ nHcd in col! cvolc jmi<2asNfi>t} utd PN \ -AnthoMs 
!>ijt <ii<i not )tK{ijdo I <7,u 1 hi- ^li^rg^.Nt, th.tt tiK kngiliot -ntw. )l )ti tivmtk' oi. 1! Kmplinnui 
!s p)(,\b(.fcd 1)\ pu'hfct itu»i s)g)yti!)C i;cnos fitat tjii.mtjt.itivoh tctkxt tht tuinot pjohflcitmn 



Hio ;i\LiElgO 0^pK^^inn of^O ptnhloi altoil Mgll.itdio gttiOs A a^ ll^cJ kn. Elk i)LifL 1 ^tinp.i! 

pti.d)ttt.n .-(.t'fu toi c.iolt niantlo cull h nijihoma patient (Rosen ikl ct a! , 20(nh) 'Ihc p.itittit- 
■Au^ Kinki.d .uot>id)ti'.' t(i iliove ^ot>i^>. nui d)i)i.kd into fnm (.(.pia! qnaodo ghtup^ a Mb )iKd)an 
siin t\ .1 itmc- of 0 s \c .is, : ^> >ua),- 1 ^ \c,its anti » - ^c.ifs J t- 4H) Othct -nultcs b .\o 
if^Ofi imntniiobistoLhoniREii oi (. .toUi^Kai k.hfiiqiic- to c-lfraatc t!K ptoifiLiEilioti t ito m 
snanrlc ccU SMnphouia but af btsf fhc piOsjnosttc L'Uiup*- tbnt v^oto iJcufjftcU >lttk>icd b> Z ~ 
vun^-HMiK-dian .uiwsaU\i>sitot> ot )i HoMhctak l<-}08,Rat\ d a) , .'Op.W ddas cf 

,! I'JuM Pht; ptoltfciattnn sjjin.ittno axuiajju j■>t^.|^ fJc> ,i mnjc tjuantjt it!\o tncasuic rumn) 
j'ioiito) If ion ) ate ibaii (host. ofiKi )iKtho<k,\>»hiohi)ioNtlike!\ c\pia)ii-\\ In it t^.^bk nioniiiS 
it-k LMuups of jiaftcnrs that dttflt: b> ^ '^>\ea!'-ft) tucdum sUi\)\nl T trum a ohntoaKt<^ndpotut 

fnoktnfl.tf piixlKlin ofsun i\ a! ^oiiki piovKio \aiuEibio pioy^jiostR iiiioiniatinn in tboso 
pcitiotit- Fot fhtisc i)af tcufs ^\ ith liKitilotit fyi-tn^ ot rhis h tnphoiua, cn\citohtul w rufti)^ apixuach 
1- appH'piiale i'atkiJts \Mtl) a^rg)O^M^e toutw ot fbo Jimmn, -vhoiiki !>o < ou .(doiod To, iK'we. 
thoapcutio ippio luhc-, sonio ofwhtdi show ca)K pi onit-o (sou l-okm ) 

1 rom a bhiloyju. al ssjudpom! (Ik most U'markablc katmc ortbs.' pioittoiatioti siguatmc ascragc 
« thattt'jintiiit it)\ol\ iutoui<.k',ibccnVitsof!Emiftpico)un5't.-tin events that allVu t.ri! c*.c{r 
ptojr^-'-Rni I n^xjtottodh, .ujiKintit.iSt\^ F'S-Pl R.i^>i\ jor the nt Dl codititj lomoii 
iLVt.ikdhighti L^pic^sK>n mnunn nftlK tnantk lo{1 Kifiphi,'iTi.!s\Mth tlK highost pjohia.itKH) 
stL-natufv no ye iUj. 4t. 1 (Rp-ciiAakl ct ai :0(Mh1 C o)K-cijiKntl>, hiuhci oxpt^sston ut 
i.\cln\ D[ co.jtiu- to^uonuiRW w ,is <,^M,t jak-d suih-^hoik-i ,ntvt\<tl Vvctal jtuikuiia) 
iiKxhatuMii act-outit tct thc^ ai>i!iy:c\pTcsstO(}<)i t.\(.lin DI (.0(hHg!oy:n>n trans^np!- \ anon 
k))ni, oj iMim r>i inRNA ba\c K-ni nbsctvxi )ti tnautk- ■ oil KsMphJni;! ;f tuikU i«'th 4 " kb 
tickuni thaf (.uinainsa ~ b ' U'H) iiK-kitcd t^gfotiandshoftci f ^olumi- thali-ss^ntiaO\ oonsi-f 
nf thot.od)ti'.'u-'.'ioi) Ihoi-vdjti Di V ni)tiai)sl If,, {K^Jiotu out a!) )iiinR\'\ di.s.t )b)h 'iji^ 
ck'uicnt and tbcickuc. wtth an CLji}f\.ilcnt amount ofttunsettptwn, tbt, kmy:. tnR\A isyfoiiji 
Afil i.Limii)lafo fo iowLf KnoK fhati tho .hoti niK\A isofonris li Lbv*.nhi U ai 1'^ ] m Li 
a! . 200ti Kftuokhcf a} , I'J'M! SoukMnaijtk cob lytnphoukus \^CiC t<nnul to lack t\piC--!Ouof 
tlk !oi),;ni{^ \ \ is.ofonn aiki o\oli)si\ J\ oxpiosN^d shoitoi moic stable niRV-X isoto)ni->, aiki 



iiaWe ill 'mc imb .Is 



these were the cases with higher levels of cycliB Dl coding region tfanscripts (Hoseiiwald et 
a!., 2003b), in some nuintie eel! tymp'hoina cases, die genomic region encotiing the cyc'liii Di 
3' untraRsliited regioo is dek'lcd. resuhing in e\pre.s.s«ni ofn shcirt cycUn Dl otRNA (dc Bcwv 
etal,, i995;RimokhetaI., 1994;Seto et al, 1 992; Withers et al, 1991). Anofter molecular 
raeclisidsm leading to oxiiisive expi-fssjon of a sho)!' cydio Dl niRNA is the atxpiisition. of a 
somatic mwiation immediately dowiijitreatri of !he stop codon thai: generates a new 
poiyadeuyiatrori signal thereby triifteating the rnRN A Uiirpybiished), 

Deletion of die lNK4a.'ARi" loeus is a fretjuetit onco^euic event in tnaiJtie ceil lymphoma, 
oeeiit ii)j.i li) tcnighiy oi)e fdVii of cases (Dteyiing ci a)., )997;[-'itiyoi ot a!.. [998:Pinyi;i! ci a)., 
1 997:i'it)yoi ct ai., 2000;Rose()Sv;dd et a!., 20tOb}. INK-hvARF deietions are (note frcjueiit in 
mantle cell iyinphomas wifh high expression ofthe proiifci-atiosi signatni-caridEtf c co[isec[uentiy 
associated mth short sisrvival (Fig, 4C) Rosenwald et aL. 2003l>), The ii\K4a/ARF iocas 
encodes two key mmor suppressor pixtteiris, p ! (P^^^'* and p 1 4-^'^^ {Sfierr and McCormick, 
2002), pK)'"'^'^*' prevents the assembly of e(ik4 anti cdk6 with D-types eyelins aud thns is an 
imp(triartt negative regriJaiof ofthe GUS phase trairsitiori oi lite cei! cycle. pW-^*^' blocks to 
the ability of MD.\f2 to target p53 toe degradation, and thns potentiates p.5?-dei)endent 
apopKwis and cell cycle anes!. In addition, lo.ss of pl4 '^''-' retards piohfei anori of a mouse 
embryonic tibrobissts and pre-B cells (Kamijo et ai.. 1998;RaHdie et ah, 2001), l.'tilike some 
caticers, mantle cell iymphotna.s do n.ot sustain inactivating mntatioris in the pi 6'^"^'^*' coding 
region fi^inyoi et nl, [997,Rinyo! et al,. 200U), suggesting that the seleetive advantage of 
IN[s,4aARf deletions in mantle cell Ivfnphoma is due !o !o,ss of both pjft'^^^^^' aud pU'''^^'. 

Interestingiy, :{NK4a.,-,--\ RF dclciiorrs and eicvatcd cyciin Dl e?;pre,s,sion woe stati.stieaity 
mtiependent in theirubsoeiations with highprohteration signature expfession and bhort snrviva) 
CRosctywald et al., 2003b). In fact, many mantle eel! iynjphomas iiave deletions of bcttii the 
cAxiin D [ y untranslated ivgion and the i'NK4u/,'\Rr locus. This observation sug^est^ a Jiiodel 
tn which these two oncogenic events ac! syncrgisUcaliy to aceeieiate ceil cycle progression. 
One way thi.s could occttr is by increasing the freqtiency (ot probability) that a iytiiphoma cell 
moves from G I to S phase. A cmrent view oftliis cell cycle Iranshioa is that cyciin D/cdk4(6) 
eomplexeb bind the cyclin-depentient kina;>e inhibitort. p2 ! and p27kipl, but ate not inhibited 
by (hem. in so doing, they litnitc tfiese irthibitor.s away frotn cyciin E/cdk2 compiexes, whose 
activity is critical tor entry inty S phase ifig, AV}. in keeping with this moi.ieh mo^t p27kip I 
in mautie ceil lymphomas is physieaily associated w-ith cyciin DL-'cdk4f6) (Qnnitanilia- 
.Maitinez et al, 2003). 

This model conld have therapeutic impiications. p27kip! is nbiqiiitinyiated by Skp2, which 
(aigcts it for protcosomai degi adadon. intrigtiingly, (he protcasorae iniiibitoi' Veicade/PS- 341 
has shown activity' against mantle ceil lyraphotm in eatSy cliniciii trials. If p27kip! levels are 
qtiantitalively titiated by cyciin D]/cdk4f6) eorapiexes. pf<jieo.s<ima{ iuiiibition tnight allow 
more p27kjp 1 to aecumnlate and tip this regniatory balance in favor of a block in Q 1 phase of 
(he cell cycie, A theoretically ideal iniribiHtr of tire OI.'S phase traiLsitictn. yetto be d.eveloped, 
W'oold be a small molecule niimetie of plfs'-^''*^'''' that woold inhibit assembly of cdk4 and cdk6 
witii cyciin DL 

,A.s mentioned above, loss of pM'"^'^^' in sotne rnatrtie cell lymphomas may also confribnteto 
cell growth and a higher proliferation rate. Many ofthe mantle cell lymphomas with }"NK4a/ 
.•■\KF dcletictns are Instologrcidiy "biasdc". raeatntig tiiat they iiave a kirge cell size compared 
with othermantle cell iymphonias (Pinyo! et al., 199?;Rosenwald etal., 2003b,t. This phenc^type 
eotdd be caused by increased e-mye activity, due to the abseuee of p 1 4'''^^' { Datta et ai., 
2tt04;Qi ct ai,. 2004). In fliis regard, it is notable that the Zi'A/Z-i gene is ampiiiied in sonic mantie 
cell lymphcirai! cirscs ihist iack INK4a. ARr deiciions (Bca ct a!.. 200 1 ;Rcwenwaki ci a!.. 
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B\U"1 !, a t)<HihC))i'tt(«nl)cptuhhOT tb.it blocks fxpiehhioi) plf>'"^^^-' ami p14'^^* nid 

^ Di UpiCL'UKlffittl to Cllh.lfK^ rjK ptcllktCHK))! IJtC ut HI iiilic cl i Ktiipbuni.tv 

^ 1 hf - jfuhsi, IcicU to iliL- VK'A ili.it ItiHiDf ptohkf.tti.m ui^ is .i [hcn^ut th.t! ^.m \eh> 

c conrtfU!ousi% 0^ C! .1 buKhi langc fhc -erp'nut oi rhi^ thcu-f^if a^uits fi'itn rhc t.c!U!!.u 

M}ti-^;f.t!)ou'it }miJtiplk 0MCPi2^'!}i>-i.tiu^;i. -ftnt jfVct ih>M,)ti- p)ob)b){)t\ tb<n tiu- ■-uioa ^'-li 
^ thin >)t.- the i}l S ph.i-cbniinJ.its oftbu tell l\c1c T!k' tJU th.it tiic j noli to .itu-n ) itc tn tn.iijtk- 

p I oil Kinph'ttivi (is tiv isuKti h\ thf ptclikumou sio,i,3tmo cxpiossioiA cm bo iifxioU-ii lining 

c%i,lui Dl i,\pi 0*^*^1011 mk\ J\'K4>i ARf iklctrnti flhistuiri,- tb^iuou)iili,\ cuKCi ir>hcuotvpcsuKi\ 
iy5 HlWijiio nuittiO[nanL,!ll\ tf.tLl.tblc .ts niiHL ptLLisi.' iiiiVisinoiivnts hciXinio iRjui.ihk 

3 Af.irhcuKitn.>i! m'xic^ i.^if) i, beuD-tn. \ahic tn that tbc\ c^iii biebitj^bt ,ik\is v bete tmtbi,t: 

H. hu)hxj,n. i) ik'souh )s. iK\.i>i ?oi i.ompK,tiK'i)iiilii\.ttiif. imnk i t>l b is^d oiu \i !tn 

1)1 csj»cssin£i ,imH\K4j ART deletion w .i- not j> statt.-ttc ilK ^jiinitkanf is fitc nu-Jcl l>astJ 
on f^iolifoi ition sh'ti.^tiin. . X(>iiNsHiii (Rt>>.i-n«.t!iU-f .il ""{iinhl Ihisdhs^is ition s(i"0(..v.(., tii.it 
<Hicltnof),il onaijjcOfc itkxbruDMUs tcnuiui foHc discyx etecl tb.if aftat rhc jitoSitcuitioo i.uc <^!ul. 
LOfistqifcii!!. ilic i.^imth ofsiinua! ir niaiiilc tdi kstiphoiin 

\n nnpottaii! tmplnaftoti ot fbis ilKost;ii ncxiol nj pu>hkt.tt)oii )s i)ut ihoiapit's iliit ■..m dial 
^ (kmi) tilt.- piobtb.itiiii) -ctpomt m ni.mtk cell Kmpbom i tniJibt 1)C oi u:ti.Mt tifntc il bonotn 

^ c\LRirthL\ EUL not i.(ii.iti\c hiottici 'imikI- if is pns^ihlL h, ini.iiLmc .t 1lHnip\ itiatrouid 

^ <.kxtca-c the jitoSitcuitiot) tatc sti^tnffCcmrlv tluf it sni^jbt be .iblc to tuo^ c .1 jjartcuf fi'itn fhc 

^ {cast t.Aot ihk' ptogfiosnc 4ioifp !o tiit most t\i^ o[,iblL pioiiiKi-lfL' a.ioiip thLfLb\ pioloiij^ina. 

tjic p.itittit's bfc b\ uniiu tb m fivovo its Abbotmb -ticb tbet.iptcs mtjjbtattuct miitiuil tclK r 
^ -Aji.stiKiks )ti tnii.\ b.i\f 4unsn ihat ilio !}-tvjM^t.\i.btis lino t\po-it^stiit-t.i{ kiiu fiotis 

I yi c\d!ii}>k, )aKQ Jt^fKK-nt )fi <.\i.]i(i l)\ lut\i; Jisctctc detects m -^mbwonK tetftKil 
^ iLn L'lopniL'ii! Liiui tii pii'vinaiK \ -asstnMiiti.'il ni.i)iiit3j[\ fiL'\ ckiptncRt hut .ttL Roinial itioltkn 

g icspect^ (Stcttiski ct ,d )*^">5) buked. m imci, }ricl tng ^ill D-t\i,v c>clti)v u).ui> ci-il fspes 

cr puihk'f.tt*. fioinufik aJtboiyh hi in itopui^tn. sktu i t.{J pioiikt.uu'u is i..iinp)oini^o<i (Ktv.u t-f 

is, i! 20(i4) It tbctckiie seems ^,on(.i.l^ able that a tbct ipciitic w mJow nu\ c\)st to aUn^.\ 

^ ]>ioio)W^d tieitmonl of)n.ttitk^ i oil Ktnphotivi p;ifio)Hs « iih -wtifs ut,;oti-d it D i.dk4 

tftt complexes. 

A gene expression-based siirvivai predictor for foiijcifjar lymphoma 

ritSlfoiikif i\mpbo!tia,fhi- s^t.of}d niits! ounimoti !<niti uf nun Kodu! tn !\nipbitm.i,liai lUjilih 
\ati.ikk oliRica! ^(Xiiic AlibonJ) the jtJtch.iR sutM^.il is. <ippnini)uiti.K 10 \t,fi^ tdllox^ iiig 
^ divigiiuMs ,itn^ pviftciits b.iso M vigy;icssi\^ ilinc-- tb^it t fatvi! tn iifidci one >evir v bile otb^rs 

^ )i! iv bvc tU(^)C tluiu.70 ^c.tts Pittiotils Willi foibctil.ti Knij^liotjui .tte itcak-d svtlh ) \, it lots ot 

~g clioitK'fboT.ipouftc iitu! niitimiiotbckipciisii, ic^iuK'ti- tBcndatnh ^t ^i! k?*^^>X oioinbjt ct jl , 

> 2t'fi) r/tic/t3uf)ict,!{ k^\,!ku■l^ ['■J^O.XkdontK el <.! ]<-"'>"',7immo)ifi.ni u al 

^ Jo'V, il 'tg et d but il b.ts not Ken iLnioti irt^itod that tb^-e aopio.Kb^^ ebjuge tlk 

^ k-)«'tb ot SKI 1)1, li ot ibcsi pum-iits tibiDtRi'', I'tlMf)! 

^ roOkiih) {\tnj.iko)r! i^aic dotned bntji g.'it!iiii;fl tctiiei <.>"lis.ti)d )!! liut.iin ihr ucti>" 

£U cxpiossioii jitOL'ttitii oi this sijue ot diitcieiUialfoti iDa^ e ct til 2'H)4 Jdcii^^bi ct .t! , 

C 1"''^"^ "slutfu. Posctm.ikKiiid Nkfudt 2iHl2) bi .tddition jnosl lolikiiLi l\)(i)'hoifi.is tnoA <,s 

O p-eiidu-ji^tmtna! centci i tbtil tnctude 1 t.cils .itui iolltouKit dsndttno t,cl!i fntomiUL'Icd v.nh 

% !hrnu!«')ta)tu.^lis \ uhU iioutMUi.^miiti lUx-titri B ■ oik loti^ih '^t>"« ot toliu uht 

'"^ b mpliotnvu c\pt^^ nrL-2 as u icsiilt orihet-bauakti ttc t{J4,!M tiansioeatinR fti soin^ 

(.ut's kilik niit) h)r!pkoui 1 'tt.ttistnttns " itik) .ti) ;f™)>"ssue kuipboniit tc^i nibbti/ DI B( I 
Jud fbis 1) in-toim itiun t. m be ci-MXi.ttcd vitb .1 s iikt) of oueugi,n(o cbanucs t i yiio- jud 

Im/nitxol A-!i!k.i- raaivsisa-ip!; avaiiaWe in PMC 2006 .kmuatv 25. 



siuTtval rat:c. 

Uoiit^ ^xp)C->->)On piotjiijio ii^s iKti tiutlho kni^rth o! stinn.il foH'nMiV <ii "-S"^'^' ^ 
fo)hLi)l<i) )\mp!)0]ti,i (. It! ho p)(,\l!i.fvd 1)\ htnlni^Koi (iini;fi;fKt.> itnoiu tiic tiinu»> ,if the Umc 
ohin<iiiosi.(]\i\.'ct.i! ,:004t \ !k« innn oKmvi ^lsL.{.^lw^ -is Rnn.'d sun n J sfginttin. 
.ukiKms V ihcU to dcif^iop a L'cfK <"vptc-MOt) ba^cd-M!!\na{ 1 If edt( to) tot tulUcui^ii 

tuatDs ^\ It)} the istnn of the t.is^- into i ti iiinni; s^t liul i tc-t s^t fo)lt'^\L(i h\ tb^ 

ifiomfu )tion o( v)k ^\Mth .^p)t^•>•>lO)^i\nt^nN,^,„xl.t!od^s)th inti'.- ^itt w.,)! t^cx! j'Kv.'iki^jn 
sjou^s) (>\ Mjoir -U)^ i- al (bckl pnviKi-!- i^cocO V ir'twi the tr.umng -er HKnaahKvi t.it)stcnni3 

Itkni If^Cfho .Hg.lSil/*' lilL- 4iX)fi pi.igfln^ls iitnts iiuj tilC hid pi.VSin^ls j^Lflts hXOtJillji !i> 

iono{it.i{^xp)c->->)On p.tiKitis la y.xipciitt>o(.tixi i)in>>.[)n i\a) \ss(x(,3ti-ilsi 'ij.ttiii^^. W jthtn 
cat-h >iit\)\.i) osst'i.) it^J Mjin.ittno titt. v\i'tc--iiii) Ic^ ci- ot thv Lnmpon^nt gct^s ait- .uo.ucU 
(.k^hhk; I ,K;n.uifi. isoo^o foi o.uhp.Kunt \{u!t!\ an statt^t^.i! hk^iU-In ni^n^.iKii UMtu; 
'^^5;n^lI■^.!lC riscni^c- lani tlw natiHi)^ ^cf ot i..i-cs thc^- tnoJc!- <^)c then K-Ud tot then: 
i^'ptinHiinbthtv Ri fht U^st i>i La^Ls 3 tiis til^onlhni is b tsLiioti tht a^^imqitmn liial Afitmi i 
p.t)ti(.u?,u sUi\n,il-a>s<'C! if^J >!guatti!C thce\p!Cssui)ip)ottl^ ot tMi^hcuinixDicuf i^cne letlocts 
tiK s.ti)u-h(oioguaip)'XO->->thatinn[KtK. ,^[)ni\a! H\ ^)oiip!)ig>.oot(.hiiatoh oxpioss^d 'on. ^ 
UijjLtiiC) itid (.)C,it)tu <i bnitt^J set ot -lin ossntjatcJ syti.itiitc- tlK mii{t)pk coniponson- 
pt>>b{i:ni t^^^xiltc^i\nti}till:stipLi^tsl:l{ iiiil.stsol ]1\ \ itncio tii l^ data i- iMiidcd 
<Rai)i>ohott; 2(M)4). 

I Mna fltfs tiKdmJ an nptini.d suf il nnxkl m folbLuL) Kmphoni.i \\a- i^t^atcJ usuu two 
^[)ni\a) \ssot.(atod ^)^n.iiiiu-->, ono nom iho gf^oj i.iuv.'no->)s <;^ik « id otto Item thi. Kid 
pi OjiiHis)- tic s^t ij ( J 5A) 'liics^ t^w>s)5)Hoti!)c->^\av ti^ijncd (jiumiix, tc-poijs.. 1 untntuunc 
ii^spo[i,i' 2 hi2c tdst ithni LDtnptiiK'iit jiL-iic- itKhukd iittii's i tiowti to Ix cxpti'ssnj m Roinial 
iU3UH!iic i,e}U ASthoui^h the itntnunc tcn-mosc-l ntk! )tntuun<" ^ti^iScmuc- each 

pudiUt-d Mii\i\ai a, -vifi'-lt. \aiiailt.s iiit.. s^at. atoii/h sMKigt'-lK t.) j )t)iflti^ i)i.tt>. liiodoi 
'ih)- -iigu:t.st- tji.it the tcl itivo offltt.>o t\sn -ud itUK-- mote tmpoftout tii pt^Jjtttna 
sui.u lithuitiK ihM)liitolo\o!o(o(lho) <vK liono Hk modoi 'oixtal^da sm .mi jvt, toi 
sf oic" foi <\Kh pntieut with a \wjh si,o!<" .issixintcd ^Mth lou^ ^Ui\ t\ .i! mkI n km -t.uic 
a-^DLiakd ^'.ttii -hoil ^i)n i\a! 3 he p itRfit^ oict itikod ii.^o[diim !n fh>'fi -ut at pt nitcfoi 
^cOtc^ .itk! dtxtded totii Um equal qti^ittilcsLMuttpstbrithad ^titkiiij^iv Jittcicuf uk\!)ai)^Ui\ t\ .il 
ti)nt.soi ;mno«-,, l(tS\oai-,, II 1 \.a ^ and ! ^ ■'i \^ai- lospoui.oh ( i i^; -Ht fhisttiidi.v 
(k-mnt!>tt,itos that aitiiough the tollitiiia) hmpltoni i ^ldohIv ma^ (.oijttiiiit- to .dticd 
loliow i,m di tiiiiosi, sdJi stoJi t-(iL diitiiiL-. Jo noi h t\L ill LiigL oito> t n,} ihc loitgth of 
^Ui\ t\ .il ]<nthc\ th^ htoiogfCcii Jicktoj^CiiCitv alf:^ad> pic-cff m tofJfctti.u f\tnohouui at that 
tiiiit of diagiiOsi,di.!itos iti f.iigL ni>M^i)to Ifio ciiiifi. if li; Jii^'^^n oiic.s ot ffit df^cisL 

Hk )mm[) 10 n.sp(v)si. ) .tixf imiiimio t^sjuins^ .' s(i;ti)tim.N fotiuti ho pi. toioiitiallv 
c\pK'>>(,\l )t) f!K' (. IM*-* noa<iti\t. not)-i)ia)iu:n ait (.cif- isol itvd tintn fofitLiifoi Kniphom i 
hlnps(o^ In OoA -oftiiigiiig n U3)a\L>'tif 2{)i)4) f liiifioiraofL tik gLiU'^ di it itnf.t iip 
rhos^ rv,ti -i^uaftncs .ae not hvM'" c\p!Oss^;t tii uoioud geitntiial ccfskt H t-ofK the cch tit 
otisiifi ot tolliLiii It f.mpiuwi t liitntiiLf m Roira d hi >od J l dk oi iii>>!Kn.\its HiosLiL-nils 
p xnf to ii) intLfof i\ hctASi ^ti th<. m dian m m J ht^h tht host Hutnunc s\stt'i)i th if 
Dflii.ih ifi, t Jiiiu f W !ia\ it>, of ft>!ii,ii! i. h mplin.iui 

Th. itutuiiii tt. spouse ) M'tiitiut ill )tidi % nminb i ot '.iX' tli.it cticodi T rcliicstifctod 
pioE ,,kh i^ar (/)S,>, Ith indiU H\i<y s< )^Di .cta[.20n4) }kA\c\ci thi^ 
s)i,niiti)K (^notiTKKlv lifita'inv. >tlli*. tiinidxi ot T (.cf!^ lo the tofh^idai hitij'hoKi.i b*.v<iitf c 



the espi'essioa patterns of a number of genes encoding T ceii iriarkei's {e.g.CD2, CD4, l.AT. 
TRIM, SH2DiA) w&x not founti to be associated witti survival in foOiaitai- Ixmplioraa. This 
suggests that (Ik- exi>(cs.i.i(:i() of the T tf!l yencs in the isriiTHinc itt:[)c>ni.f-l i.iy()atu(c- retlccis 
the prcssjticc of :i pafttcitlfir T ccii .'iub<;ct{*} witiijfi tiic tumor, in Ihi'^ rsjgani, it is ficilitblc that 
oxK ot'lhe iniRiuoc iC'S!K)nse-l s-igoatucc gciK-s is (. D^p [ .winch could inchciite tiic jn-c^.c'iK f of 
t^ytoEoxic 1' cull^;, f lowcvcr. this signature ai^o irKkidu^; ^cvcra! gctic'^ (hM arc highiy expressed 
iu macrophages, soch as ACTNI (Alieu and Aderem, 1996) and TNFSF!3B(:BLYS/BAFF) 
{Cra.Kton etal,, 2003). Therefore, the immntie respoase- 1 signature appeyi's to reflect ;t complex 
uiixiifrf ctf itJKJiunf cflb:, inciudingT cci!^.. ilv.n k a.s.sctctalcd wiih iong Kuvvivai in tbiiicuiai 
{ytnphoma. 

The tfnmutie rcspou.sc-.^ siguanif c, by contrEi.sl . docs not incitidi^ gcucs t'ncociitig T cd i nijn ki^rs, 
but rather inciudc^ geue^ exijrcj.riei.i in inacrophcige^ atii-tor dcuJrific ceiis fig. 5C) (Dcivc et 
al., 2004). For insiattee. FCGR}A(CD64}, TLRS, and C.14R encod.e receptors for 
immifflogiobtiiin Fc regions, tlagellia aad complement cotnponeut C3.A., respectively, that are 
typically expressed in raonocyiic cells (.'Vmes et al. . f 996;HayaM!vf et al. . 2001 ;Muzio et al., 
2()00;Rog.{ic et aL, 1996}, Other immune respon8e-2 signaJtire genes are expressed in mature 
dcfidrilie ccii.s, inchiding SEPTIfK which cucodcs a .scplin and f.G.M'\'.. whkh encodes a 
lysosomal protease (Li et al„ 20D3;S«i et al., 2003). .4iso incloded are the genes encoding the 
complement components C I i]A, Ci i]B. and C4.4. which are syittltesized by phagocytes iti the 
myeiotd lineage (Mci'haden arui Whaiey. l^.'9,3;T^ufia]iioio et al., i'm). The rtntnune 
icsponse-2 siguattne therefore [cileets an immune ifi:fil!rate tiiat is dominated by raaciopiiages 
aud.'or dendritic ceils that is associated with shott stirvival in tbllicuiar lymphomas. 

If ib important to emphasize the .stroug statistical .synetgistn of the iitiitiuue reSjjonhC-E aud the 
imrmtne response-2 signaliires in prediciitig tiie letigth of stm-ival ( Dave et al., 2004). 
Biologicaiiy, this nreasis that niauy follicxtlar lymphoma tumors express both signatures, but 
their rchnivc latio is what is most predictive <if ItiC icugth of survivai. This obscrvatron 
highSight^ the abiiity of gene expressiou profding to reveal quantitative differences iu tmmutie 
respctnses that are clinically meaitiitgfu!. 

Why do palienis with foliieular lymphoma d.iffer with respect to the type of immnne irtfrlirate 
tn fheir tuitKHV,'' One posstbt iit>- ts that these diffci-eiiees retleet quantitative traits of the immutie 
systcru that ui flucnee !he way in which it responds to !he riiaiignant foiliciiiai iymphoma ceiis. 
Genetic diffetetices iti key regulators of the iUiUitine ixspouse are well known to tntltietice 
.siiseeptibihly to tiutoiirnmine and intlainmatoty disord.efs. and may theretx)re play a role in 
anii-tntnor resjjon^es as weii, ^ecoud possibility is thai the character of the tmitiune infdtrate 
is diciated by the molecular features of (he rnaiigruint cells in folliciiiai iyi:nphoma. 'fo add.i"css 
this possibilit)' oomprehetisively, the gene expression profiles and getietic abnormalities of 
.sorted maiigiiant ceiis from a iargc number of cases will ticed cofnpatcd wt!h the gcue 
expression profiies of the corresponding non-malignant ceOs 

Wiiy IS die inmiiific response- 1 siguatnte associated wtdi good ptogfic>,sis and the immune 
respouse-2 sigiriature associated with bad prognosis? Two hypotheses, which ate uot muttiaily 
exchisive, can be entertained; an "itimuine response" hypothesis and an "immnne cell 
depeudenee" hypothesis (.Fig, SD). Iu the iiriimme response hypothesis, the immune re.sponse-.l 
signature couid reflect an active anti-tunior imimme resj-ionsc. There i,s abundatil ciinieai 
evideucc suggesting thai anti-tumctr imniune responses cim h<i mcjuuted in some paticuls with 
foOteiilar lymphoma, Foihcuiar lytmphonia is the only lymphoina m which spontaneous 
regressions are obseii'ed, albeit rareiy (Horning and Rosenberg, 19S4). When this oeeui's iu 
other cancers, such as melanoma and rciial cell carcinoma, it is taken as an indication of an 
effective airti-ttimor immniic response. In additioti, anti-idiotype vaccrues can elicit ioug-teriri 
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kniisMoti-^ li) 'ottit. p.ftiuiK svuh tolluui.it h tnphotn t (.iorKinsiKiiftu' thai tlu-^ i, oik nj tiu 

^ kx'' fk Lt i{ h>*'>2 rumtKon 10 l! vil .JiHC) The iitiithuk iL'ix>)i^L [ m^,!) ituu ifi.i\ 

rhc-Kiurc h'jKt.r ju iufi tiimo) tniniutu- t^-ounsc tii.tt ^b'i^^ ru pioiotig flu" sun t\.il o\ tiu-c 
^ jiatiLnti Huntot V.) kIk.iIl 1{k ttitnj) {Ik i)n-!ti^K>n >n n-O ^lUls ti) tlif^ stau ittiK L^pn.t<i!i 

ihi. (.\tOtO\R 5 i. DNj->[ !siii!lsi tvilt With (hi- i'i>^^!^l!!t^ Hk HlimUHi Uspon^v 2 

st^niittiuc LKk%T<. ")i k'tiukJ .'")u % uiKi jtKti id uKhkics i'ctrs t. xpu ocd ui jtnuit^ nntnunt 
^ ( vIK U IS i,oni ihSc th it thi. H>!ln iikir Kniphtmui- with !it„'h e^piLssuni t>i ihi. ininiiiiK 

^ iL'ixiii^L 2 ituu lir L td nK<h nn^m- t * uk ..n k1 ij'U^t njitnimc ttspnost .kkI 

^ the short >iusis ii cf thc-c o.itKnt- h'jKt.rs this i-nunirK istou 

^ [tltiis intntiniL [tspnns^ ' {i\p>>!!n..is is Lon>(.! lln. siu (.l - ot umnmiL h islJ lb. t i^ks m 

3 toilKul. ) !>inphuiti 1 tna\ ikp^tiU uotm the itiokcui^ii ptvUk ot the tuitun jotdnatmi^ (itiuuioc 

H. oils ih.KipiOs iJuif i J\ en i i.Jl u -vpoii OS lah .i-, mtt khoUpi v ,3i.uii itjn,) ni,3\ !>tMno)t^ 

siii (,t>>ni{ It! ttimo!- th.n I'spt^" the i.niiiiitK fL-pon-t-i sun.itiit^ hi^^bh stiKt. tht- >)i,nitt!)C 
lofj.ifs !t\po>)i f iJinilfitMk lh,3tis WMni.Hn] widilono si)i\i\,i! Imthmnou jfis 
( tioccn lirk fh It uofi-jVvttK uiLMUcnt itKm ot I < tc-puu-es .i- lo b^, >ti.h!e\cd wtfh wfi- 

< li \ 4thLU^p^ (1 g.n kiihfi. md Miivni 20()J) ...niifi Ix ot buk lit k, p tltLRt - a ii<-Uii)iMi s 
cX}fie>> tile untnnut. iOsp>>ns^ 1 sigjuitmi^ highh 

^ Tht oiinuinc I ^il Jcp^t)Ucni.i" h\}iothL-is -lugc-ts that fht. ttimoi luilltt tUuiz. itntinnic Lt.il> 

-f- ni soitit ii>!{Mi! II Kniphoi 13 is pill wi.il tuiphiL sijj t!>1h 3t piomotL sinM^ al tfni tii pioliii t ituin 

^ ut fhsMuahetntitfClKtl ft,' ^Ui Ihe !tntnun<MCn->tif)sc 1 stLMtattuc ^.ouia tstVa i p^*-"*-!"- 

Z, jiuniitnULiitLi iLKltoiiifi ^OiRii thL 513 iiiSi!iaRttLiki.i.LisL sign li- tunnl i.J{s nhi^M 

C fo)i)L»L) .Icmlnf)^ ccli- 'ihi- tn ilitti mt ^viK nun tu dcjKnJvtit upon tht-c 

^ nikicnix nounini! li sio,i,3i>- m tkiu/ u diifjujlt fct iiio)i3 tt> ka\i tht Knipii nink fins 

tt«f int-inityunKntoi .iddKtion i^oulJ ici^onnt tot tiiiMcl it!\ii\ ta%(.>iahli" pjoj^nost- 

^ iss<Kf 3tLi{ Adhfiit iimninK iL-poiisL ! si^nitUK folhdfl tf i\ ntph'nn is '^ itii hi^h ls pi. ssioti 

g <if the nunaifis i:^,-pyi)-e-2 sii^tntui:^, n<\ lu^e lost fhcti depcodsUf c ofs jntt-i'ieoMUioujcota! 

<r Si -i) lis ti)(.l uin li)t.ft.iou \v ibk l(isin\i\^ nioilu) nialomu )i -viti^s po->->ib]t u i ounf m^; loi 

is, the !t.i ^tJ\ci^ >ho)t -tin i\ ii nt tht-c p iti^nt- 

J'!e< cdsfif toi the nnnnme ^.eli .iepetidsUf s InpothsMs ts pjo^ iJcd h- ^nnm itious^ B vsil 
Knipti.M3ta.tiit! [tqim^ I < l ils ioi tiiui ^H,'^ !h (}'oti/to =iRd liioilxJL HMU JliLstnmii.^ 
i\i!30ho)n I- svpt:^,-- < n \fM I\ ctit.wjed -tipshitirti^ct) that -ftnaiiates (. ])4-pu-!t!^<" I t^dh 
^sh^. ii m tiini s^tuk >.Mol nu su.h >s Ji 4tha!m.i\ pu>\uk itn p at -vi-'nals t<. tht. 
Knij-ibonios Sonic Dittigumj, J it i -ti^^t-t thit -nt.h nici h.misnis -hoiii.j tu conMdt.!t.d iti 
iiiiniaii lonj'honi is ^ vAl in toihi.u!ii i\nipliinna tin pait^i ii ot ininidiio^iohtiini nmt itmns 
^ ts t.oi)M-fef)t^\ itb ^1 loic tot: .mtui^u -sict.tKH) af -o«k poitsf tn stsiu^sf- of the ruitiot iBahict 

^ l[i>tt^.^\ ]9'^1> inaddtltoii, tiu ifitfit(iiiosi!ohiitni\aiiib!Li. jiKinsiii f.iii(Lifhf i\fitpho[iw 

^ .Kqunc ^-?^nkl^U!^t>>\ iatton sitos duimg the hvjKuntitition p!Oei.-> ni ot <. isos v bii.h 

is lit in .^\ii.ss .11 tK .1 iitXjiK.K t oh^i i\kd lii nointai B lOiK i/hu ot li ihi 
c siiipnsing ilndiiu latsc- thv pii--)ii)bt\ thit t l(:l>oh^ Juiti.> itt ithcd to the itntntmo^lohnhn 

^ l...Lpt.M <lt 1 illiil^ili il ivTlilphllllll LiUltli illkflLi «H!l iL.till ilk. pil1t. Ills pt. SL lit itiiiii the 

i^ettntnal t-stftt t3in,t:y<"u\ tiout3i<"uf ? tufhct tincsti^;, tmtis w tH lie luvdcd to tmdei-tati>i 

^ Atiith(.l ^il^il mil [ l^itOtl - IfL .11 itin^itOtl 3{ -ISillltRclR^L ll IKl tlllli Oi (. ilfltC 3{ pi LSLRt itH^n ot 

g pi i\ aioiiMnthvciiK di"^ clopniciit ot th^-t eiiKt.)- U ni.dii^nint 

<ff t.o)[i)i3unii n." Ill iciii^-iikii iMnpii'tm,! itnoii. ul n liiuktstaiidiiv oi t! 
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CONCLUDING REilARKS 

^ tijsijjhts \nU> the p,if?)olmiki^\ oi hiun m Jxmphoni.is, w im n{ ^.\ltii.h itc .ippbcahlo to j wido 

^ ),3)W^ nj I )iii\tv PiiiH)i.iK^ nj i )iii\t bu)io,;\ iK tj h\ oi.iu--)o)i ptotihng (iHliiii 

5 the foitowioK: 

> 

^ 1. 'Hic cluMca! .uiJ timlngicii !icha\ sor o{ (.^irKci can b(.' i)i idcrsH hh! <un I nii>i.k'[i;J \stth 

^ HUtiKMiuitfCil j.i)rci'kin <. oinj'k -v «. htiu )l piKtKit\!V' %uth )s tiu {ru;'ti) (^fsifj i u li 

O jiid tbv t^-ounsclu fltL^iipv tn)\\ K tnid^t^titud .i>fiii-;.(>)bi:ijiKtKCitt ijiKintit.irf\c 

^ ihifototicts Hi tinjHi) biokii,'\ Hk pu'likijiuni i.stc m L.nictf L.nt i>c tjuikkd i 

C& ;.o)ilitutiU)s\.in.tbk'lhit iiikgijrc- nmiffpii: urKOUi-nm. c\ ^nt- Ikjt tntliwtKc l\ !1 

C pKi'nt.^^i(ii) itiihkoh th.tKitlu! wintct !>liotnit\pt.^stic{i<i% itisi. ■"puht!)t\ to.t(Hi!>tONf-^ 

O iiricsjtofuc to D\ \ datOvig^ cm .ihohc unnkkxl ic.iditu ulumvikb io a i.]i)afit!Ui!n(.' 

% wstenis biobev view of cancer, 

2 j \!stmj: Jt<iu:fHi>ti(. L^itt-jjont- nf L<ini.c) ton^ist of niiilttpb tnoit't-ui.uh Jt-tUKf 
i{i.o.t>-i-.t{i,3ti]ifkn iiitfun, t. Jl(if.ni<;in oiu.ii>otiR truvh niiMnv t linuvJ otiliomf 
Hk cviitipk^ ot ditfu-c U]'2<: B ccH l>itiiilK>-nci tliustuif^,- tkf^ pi mapk w e}i, imt j^coc 

(Soi1ieetal.,2(K«). 

X tit", ^isfic oi\l).t^ni(iM^ Fhi- ohsas.ition hokK foi cul) l\t3tp{!otn>! t^i'i- Ntitdu J \hus 

^ )t.cjifist!u^)i (ij oticiuj^-nf' Ji.tDi'Cs i.^ji.tmK coittni'tit'^s tn the udc ot piuiu^tij"" 

^ -lucSijitto t.!i.inuc^ 1)1 fiK liiinot jif-ticnic .lAci di.tjiiiost- tSo tu>l .ippctit lu itfuiijik 

^ odliKfKL subsLmioui (-kntL li I d^<■^ kh 
O 

4. Nftihipii. tijdcpouk'ntJs \>i!\ti)j; bK'k'!in.^il f5,aUiic- of tuuiot-s tomahutt. to tJKU 
^ rfiiiR^il IxtiiM.n {ftfk' cxpi.^ssioti sijiti,!ti)u's L iti he u-cd to nicistiic diftcicm 
g bfoiOsJK^il >uti iiititcs li) firn<if:s ^a-nijk-^ Opti«Ki! iUudcK ot ^un f \ .i! u-ualh 

«^ (iH'HjH)! )U^N^\^ial gotio c\p)Ossioii ^ioiiati)iov u-tkt. tm,; tDinoi ixd) i)m)ti->)i. 

I'foi't'itK'- ,1- wt'U IS tiic lijfltittKL ft tiic ti)tno) niii-iocn^ nomncnt 

5. lutt.'iaotii>ns bvt\sc(.fi tlK rtnuix and its mRii,'Oii\ lioiiniont ate L'R'li,'gicalh and 
Jti)u,ilK ctif.);fl rotDlRc! <md IoHr )s)ni'iKmi3 Mtt^j^ ihs^.w fo^uni k. i-^ 
stroiigi\ a>-<)Cia!(.'d s\ish({ic tiasiiR orshctunK'i-inidtraSftu !tnmi)HC i^dl-, \n 
u()dc)iUi()d))tL> ot the uitLMLtKiijl ctrt tciitki. m.ihiiiJaiJt loI! kkI its tnictocimfoiiotDit 
-buiikS pfu\ tdc th^fap^utto (>j>l((>u> 

^ f> \ki!>Vi)l.ii diJiiiiosis kads to molLrifljf titiicts lh.^ thfLC ^ciic ^'^pic-ion 
^ Mibsjioup- iifULBOL two )CH''otid fo ti)h)b)tot^ ot tbc \?'aB pafltv,a\ whctcas the 

^ ItiHfi IS Rnpin\ iiii)s til Itii'sL a^cins Hic mipoilJiHV iil niok\uikii iii.i'_iiKi-is a iii 

> totitfnui. hi DKitMsi. .i-(iams b(,xo)ni. .ix.iikihkMhcf uuict spccitk Muin.dump.ifhw as 

c" Si,\i,tci! t^scauii i-iuikfyci miif b^, iutmoiititcd iti uuisf !<' bmkS upon tkc nxcm piouic^i m 

3" ifndotst;fnd)ti.' htDiJ.tt) htJipiiotfia, \\ t.- itm^t do* oh)]' i ■ iinipuiictisnc uns nl ihr .tiuiot)!! d 

-fguakng fictv oiK tu^idc b mplioma (.cH^ atid butctttina! g(.'i}<)m!(.s t^tboiqiic- sticli as RN K 
niiurcunict. viiiN^uiif. d ti) this .dfott f\ii)piin^i R\ \ i)i!ott>)C)i. t. villi i'Oi.^ .-Npiossjoji 
pmUUu^ \sdl k\id tn an utido >nitidiug oi siic vitny di^'uia'ns uf ktiijibo'ii^^ (.ciK v jiKii v iH 
ultntj itolv to.ibk iakou.dtnanfpuLiU'Hi .>i siguaiiiig p.illn^.n ' B\ iiLLObbtn jHULiiofihjs v^oik 
jiiuti be Laiiivd uui in Kmphcnia t.cl[ liiic^ and nmst take (.aro to t^s^ biKs that aic 
latthrui tnmiR' nfp ifttat);!! l*.!Eiphonia t\pON (. ontot^.j ■^ttoits 'houid K- in.ido in 'mu titi..- 
addHioiial cci! hfics thataic r(.pics(.fitviti\v ofcKb [vtnphonia t^pc 1 inaH> gsu'n tlic 
t'lipoii.KRX ot tiictintKiiodiitfaiioiintnHunL loOsh) h)(iphoifi.!s ntLlhncKncod k' bt (ksoi^pod 

Im/nitxol A-!i!k.i- raaivsisa-ip!; avaiiaWe in PMC 2006 .kmuatv 25. 
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tc, mMitMn [\itiriit tutno! saiiipk > in ttsMK riiltuic c,t in ininnincdcticiciit tnics.' tn a tcu.hinn 

iHOvtVON !)lt mt")iKtU)Us t\t^^OU) tlu )[! liuyWltU 1 1 Is ,ltni t{l>nf tUtCtti>")lMk))inir)l! Iti .ti) 

<-,{ tiKM (.lEi>it gi^iii (.■>pii -MOH pioftlmg w lU tx>n!!fiuc to pTi>vuk' j i^ompichciisr c atiJ 
lu'loL^aalh mk'itniirt tiviiTiL\^(i(k 
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A DifiVroUi.ii !.'Np!OSS)(.!)i of {)r>.>[!rof:n!0!i «■;.',■); si! i-x- j.vui.-;? u) bsopss vmiplos f)OM iiuijiik' '-t 
h niphoo!;;. 'T!>e evpresslon psueras of 2i> sieaes iron! ihe pioisi'es^iisou SiiiuaUi;^ uc ??io<a ;i 
™ ;ic:ri«s sn.sniiv: ceil [\ !nph(«n;i hi'.'ipsy vsfupicH "Che csiprc-k'ki'.'ii) of CKch ■'>i'ihv.Sv: "^ivs 

f found so bcini; as^^ocuited sx lih phon ::.un i\ ai ( Ro.sv'trA sid vi -d . iitf>3b) 1 he v'\ya¥¥K>n ics 

^ of Jhet;o ;>i.')ik-t; \serc ..iv cixijxd to CfCiuc the pmlifeoi ion i,i.!,:n;iBiiv ;j\ .-cnx huii \^ ci^ 

> kicd snfo fotif (jtiariilc i:;roups ;i<; <;ly>« n B. KspsJin Skic! pioi of o\ era! I sun i^ ai oi !\}> i.^sas 

E. >^)!K niOiCsk' ^s'il l>)i)j,;k>)i;;j (Jtv i(k-(] iuto iotir QiKifi-K' i'ax)ii|)s aiXOfdiup !■> if-" i.'Np)CssK>ti »>!~ 

()!sco!>c;nic events; in snifntio coiS l\ ntpi-oiJia i he cxproiiioi) of the cyciiii D I iiiRNA x^a,'^ 
^ i.k-u^!ianjcJ K <! i.pianiu<^ii\ e B \ 'K !--a\ fo^ ihe coding fci,ion i ^cS^wcw o! tlv I \K4 \K !- 

licioro/s t;ou;; <>r hoiao/x s;<>u'^ ticicaoii hiaoK iailiciiiC'^ v\ i!d n j->e cop> iiuiijivr { K\mx>\\ vv sih 
his>[iv:! e\iM\:HSK=)ii>f ihc iMolifCKiiioi) ii!.\i);tiui<- iend to !);tw^ his>[iv.n ewha \)~^ aO^X \ 
c\press!0!i aad O! dekSioa of Use !Nk ki/.\R}-" k>cn¥. D. Modv'i depKUap Ixa', ihC! o;- c\m 
Ol e^;>!c^^fOiUfn<l<lck:ifi>acf ihc ]Nk-i;i .\R F locas; a!;n <o?i;nbaic io;) higfe pmlsfcotson 
rate !n masiilo co!; hiaphonia. Sec ic\i fordcKisK 




■\. Two -si.'!^ oi ^oo;X!)(W!et\ ^.'^pross^^' i '^v^es \ ■ rK(] tk t )i )i jo^ 'i.' iX uss -v uu' s iiJv' hk 

supi ivs! iD^i^ ill 2i'>r,4). Th^hc \'£:'\fiiv'<.s j-o ^.vjsb 'kx! ii)L-> a iniiu^ ir-'<<. n .Kk< <A 
^;!H^■\al !K..i!.!.:0)(0)"aK'«asu!\)\;il|>fCOK'»>' vOfi, !> I'KJt! t^KK'iis..)s ].■)ik^^' K^OKhr > 

10 Uiis sun i\ h\ prcdktoj ;uKi dh idcd ii,k> ;\Hn O'iu'i! v.jj^u.iv'- 'i- -ho\\ n k„i\aaAk,cf \jk>i 
of i>^c!:)ii stiTX i\;iS ()rp;)t;i:nK !!■ the i.iu! iji ssl'Sv'- M 'tcsiuiv.f pscil^n' C ! \i>!Css(>>fKii 
ihe gvnvs Uui constttiite thv unniinsc te-sva^v"-. aut.) itanjiax !\.-|Xfn-e-„' ^,<;,i<!iukn ianoniJiU 



rurnoi-s wirii iitg^i expression ofthc iiRisuine re.spon?c-! psgiuiture or the ifniRune response 



